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Acronyms and Terms

A number of acronyms and terms are used in this report- These terms are listed and defined in the
following table:

Term Comments

clinical sign Involving direct observation of a
disease; symptoms are a subjective
evidence of disease

COE United States Army Corps of
Engineers
DGS Dissolved gas supersaturation
FGE Fish Guidance Efficiency Evaluation of the efficiencies of

turbine intake screens at The Dalles,
McNary, and Little Goose dams

FPC Fish Passage Center Responsible for collection and
distribution of smolt and adult
passage information

GBD Gas bubble disease | See GBT; older term

GBT Gas bubble trauma " | Formation of bubbles in or on an

aquatic animal due to gas
supersaturaction; see Sections 5.2 to

5.8

NMES National Marine Fishes Service

SMP Smolt Monitoring Program A system-wide juvenile smolt
monitoring program on the Snake
and Columbia rivers conducted by
Fish Passage Center

TGP Total gas pressure Expressed as a percent of loca
barometric pressure

AP Difference between the total gas

pressure (mm Hg) and the local
barometric pressure (mm Hg)




EXECUTIVE SUMMARY

Montgomery Watson was retained by the Bonneville Power Administration to evaluate the
monitoring program for gas bubble disease signs and dissolved gas supersaturation levels on the
Columbia and Snake rivers. The results of this evaluation will provide the basis for improving
protocols and procedures for future monitoring efforts.

Key study team members were Dr. John Colt, Dr. Larry Fidler, and Dr. Ralph Elston. On the
week of June 6 through 10, 1994 the study team visited eight monitoring sites (smolt, adult, and
resident fish) on the Columbia and Snake rivers. Additional protocol evaluations were conducted
at the Willard Field Station (National Biological Survey) and Pacific Northwest Laboratories at
Richland (Battelle). On June 13 and 14, 1994, the study team visited the North Pacific Division
office of the U.S. Corps of Engineers and the Fish Passage Center to collect additional information
and data on the monitoring programs.

Considering the speed at which the Gas Bubble Trauma Monitoring Program was implemented this
year, the Fish Passage Center and cooperating Federal, State, and Tribal Agencies have been doing
an incredible job. Thirty-one specific recommendations are presented in this report and are
summarized in Section 14 (pages 50 to 53).

The smolt and adult monitoring programs should be reviewed in terms of the data requirements and
Procedures which are needed to make the program statistically valid. The skin peel procedure used

or observation of bubblesin the lateral line does not appear to be valid. Some of the observations
for gas bubble trauma were subjective and should be omitted from future programs. Experimental
validation of the gas bubble trauma protocols and scoring criteria are needed. Problems occurred
with the distribution of both biological and dissolved 3as data during parts of the spill period.
Formal policies on data reduction, quality assurance, and data distribution are needed for both the
biological and physical monitoring programs.

The current level of accuracy and reliability,& the dissolved gas monitoring program on the
Columbia and Snake rivers may not be adequate for real-time management of the spill program.
Thisis related to the lack of Standard Operating Procedures (SOPs) for the operation of dissolved
gas monitoring equipment, the lack of SOPs for the overall monitoring program, and the lack of a
Quality Assurance Program. Input on potential changes to the dissolved gas monitoring program
Is needed from the fisheries and regulatory agencies.

A number of implementation teams should be formed quickly to develop and implement a revised
monitoring program for 1995. Implementation teams are needed for the following areas. program
development, training, and Quality Assurance/Quslity Contral.

Consideration should be given to conducting experimental studies to define precisely and
quantitatively the signs of gas bubble trauma which result from graded sub-acute levels of gas
supersaturation exposure and to define the relative susceptibilities of the different species and
stocks of fish to gas bubble trauma. These studies would result in a more meaningful and sensitive
monitoring program and provide quantification to support standards for detection of gas bubble
trauma and interpretation of signsin terms of potential survival of smolts.



REVIEW OF MONITORING PLANS FOR GAS BUBBLE
TRAUMA SIGNS AND GAS SUPERSATURATION LEVELS
ON THE COLUMBIA AND SNAKE RIVERS

1 .O INTRODUCTION

Emergency spill releases on Columbia and Snake river dams were requested by the National
Marine Fisheries Service (NMFS) on May 10, 1994. The purgose of this spill program, which
began on May 11, 1994 was to reduce turbine-related mortality by passing more ot the smolts over
the spillway rather than through the turbines. These spill releases may increase the total gas
pressure (TGP) significantly above the current water quality criteria for dissolved gas
supersaturation. Even without the emergency spill, total gas pressures in the Columbia and Snake
river commonly exceed the dissolved gas criteria. NMFS requested and obtained from Oregon and
Washington, an emergency modification of the current TGP criteria through June 20, 1994,

Concerns have been raised about the potential impact of these high dissolved gas levels and the
adequacy of the monitoring program for detecting gas bubble trauma (GBT) signs in smolts and
adults. The detection of bubbles in fish requires careful examination. Poor holding and sampling
procedures could obscure some signs or generate artifacts. Differences in holding and sampling
protocols among dams could also result in both positive and negative biases and complicate the
Interpretation of the monitoring program.

The overall purpose of this project was to review the current monitoring program for dissolved gas
supersaturation and GBT and to evaluate its validity. The results of the review of the monitoring
program will provide the basis for improving protocols for future monitoring efforts.

Bonneville Power Administration Page Task 5 Report
Contract No. DE-AC79-93BP66208 October 18, 1994



2.0 SCOPE

Because of the limited time available to accomplish this evaluation, the project was added as Task 5
to an existing contract (Contract No. DE-AC79-93BP66208) between Bonneville Power
Administration and Montgomery Watson. This contract is titled “Allowable Gas Supersaturation
For Fish Passing Hydroelectric Dams’. The purpose of this contract is to evaluate the impact of
high dissolved gas levels on fish passing through turbine or by-pass systems and susceptibility to

predation.

The scope for Task 5 is presented below:

Task 5.1
Task 5.2

Task 5.3

Task 5.4

Task 5.5

Task 5.6

Task 5.7

Task 5.8

Task 5.9

Review the existing written protocols for inspection of smolt and adults.

Review results of smolt and adult monitoring programs and evaluate in
tce;err[ll_s of the thresholds required for the formation of the different signs of

Review dissolved gas monitoring equipment, location of units, data
collection procedures, and data analysis in terms of providing accurate
information on the risk to smolts and adults from GBT.

Observe smolt and adult monitoring at Bonneville and other selected dams
on the Columbia and Snake rivers.

Evaluate holding, sampling, and examination protocols to ensure accurate
and valid documentation of g;as bubble signs. This could involve some
limited holding and sampling of additiona fish to reline techniques.

Develop draft protocols and present to state and federa agencies.

Finalize draft protocols and distribute to agencies.

Visit and review the operation of all the monitoring sites on the Columbia
and Snake rivers. Suggest modifications to holding and sampling protocols
as necessary a a given Ste because of physica or operationa limitations.
Develop recommendations for future monitoring programs. This could

include changes in physical facilities, additional examinations and tests, or
expanded number of sites and/or number of fish.

Task 5 is an evaluation of the current monitoring program; detailed interpretation of the clinical
signs or potential impact of the observed signs on the smolts, adults, or salmon populations is not
within the scope of this task.

Bonneville Power Administration Page 2 Task 5 Report
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3.0 STUDY TEAM
The key study team member include:

Team Member Area of Expertise

Dr. John Colt Gas transfer, degassing, hydraulics
Dr. Larry Fidler Gas bubble trauma

Dr. Ralph Elston Fish pathology

The personnel used on Task 5 were already under contract to Montgomery Watson under
Bonneville Power Administration Contract Number DE-AC79-93BP66208 and are considered
expertsinthe areaof GBT and gas supersaturation.

Bonneville Power Administration Page 3 Task 5 Report
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4.0 EXPERIEMENTAL APPROACH AND STUDY EVALUATION
4.1 Experimental Approach

On the week of June 6 through 10, 1994 Larry Fidler, Raph Elston, and John Colt visited the
following monitoring sites on the Columbia and Snake rivers to evaluate the methods used to
monitor fish for signs of GBT:

Bonneville Dam

John Day Dam

McNary Dam

Ice Harbor Dam

Resident Fish Monitoring/Net Pens below Ice Harbor Dam
Lower Monumental Dam

Little Goose Dam

Lower Granite Dam

In general, the individual site inspections lasted 1 to’ 2 hours. Personnel at each site demonstrated
the sampling, holding, and examination of fish. Because of time constraints, it was not possible to
observe thelr routine examination of fish. Detailled summaries of field notes for each monitoring
gte are presented in Appendix A.

Non-exposed fish were examined at the Willard Field Station (National Biological Survey,
Department of Interior) and Pacific Northwest Laboratories at Richland (Battelle). The study team
was accompanied by Mr. Earl Dawley from the National Marine Fisheries Service (NMES) for the
err]wti re Fr)]eéiodggnd Larry Basham from the Fish Passage Center (FPC) during the period of June 6
through9, 1994,

On June 13 and 14, 1994, Larry Fidler and John Colt visited the North Pacific Division office of
the U.S. Army Corps of Engineers (USCQE) and the Fish Passage Center (FPC) to collect
additional information and data on the monitoring program

Data analysis and report preparation was completed in Seattle during the period of June 15 through
20, 1994. Additional biologica and dissolved ﬁas data was requested from the Fish Passage
Center to cover the period from June 12 through the end of the spill on June 20, 1994,

4.2 Data And Study Evaluation

As stated in Section 1, The purpose of this project is to review the current monitoring program for
gas supersaturation and GBT and to evaluate if the data is being collected in an accurate and
uniform manner. This data is bel n? used to control spill releases on the Columbia and Snake
rivers. The collection and analysis of many types of data used in the regulatory process are subject

Bonneville Power Administration Page 4 Task 5 Report
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to detailed to detailed protocols, standard operating procedures, and regulation. In order to
evaluate the validity of data and study management, we used existing regulations for similar
Qulrposes as acomparison. Examples of these types of regulations are presented below in Table

Table 4.1
Examples of Good Laboratory Practices Regulations

Title Application Authority/Reference

Good Laboratory Practices Standards | All studies submitted to EPA - 40 CFR 160; Garner et
in support of pesticide alj, 1992; 21 CFR 58
registration or FDA
involving animal studies

Manual for Certification of Drinking Drinking water analysis 40CFR 141
Water L aboratories

Environmental Laboratory Accreditatjon Some programs in the Chapter 173-50 WAC
Program Washington Department of
Ecology

In Washington, the use of accredited |aboratories are required for the following programs:

(1)  Executive Policy 1-22 - “ After July 1, 1990, managers responsible for ordering
services through regulations, permit (other than wastewater discharge permits) or
contractual agreements will ensure the water quality analyses are perfotmed by
|aboratories accredited by the Quaity Assurance Section.

2  Wastewater Discharge Permit Programs - WAC 173-220-210 (NPDES
Pe]rmit Program) required use of accredited labs for all major NPDES permittees by
July 1, 1992,

(3) Model Toxics Cleanup Program - WAS 173-340-830(2)(a) states that “all
hazardous substances analyses shall be conducted by a laboratory accredited under
chapter 173-50 WAC, unless otherwise approved by the department”.

(4)  Puget Sound Estuary Program (PSEP) -All labs supporting PSDDA projects
will have to be accredited by sdlected parameters.

This following discussion is based on good laboratory practices required in 40 CFR 160; and
discussed in detail by Garner et al., 1992. Key aspects of good laboratory practices include:

Personnel

Each individual engaged in the conduct of or responsibility for the supervision Of a
study shall have education, training, and experience, or combination thereof, to
enable that individual to perform the assigned function.

Bonneville Power Administration Page 5 Task 5 Report
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Equipment

Equipment used . . ..shall be of appropriate design and adequate capacity to function
according to the protocols

Maintenance and Calibration of Equipment
Equipment shall be adequately inspected, cleaned, and maintained.

The written standard operating procedures shall set forth in sufficient detail the
methods, materials, and schedules to be used in routine inspection, cleaning,
maintenance, testing, calibration, andlor standardization of equipment, and shall
specify, when appropriate, remedial action to be taken in the event of failure or
malfunction of equipment. Written records shall be maintained of all inspection,
maintenance, testing, calibrating, and/or standardizing operations.

Standard  Operating Procedures

A testing facility shall have standard operating procedures in writing se#zing forth
study methods that management is satisfied are adequate to insure the qualily and
integrity of the data generated in the course of a study.

Quaity Assurance /Qudity Control Group

A testing facility shall have a quality assurance /quality control group which shall be
responsible for monitoring each study to assure management that the facility,
equipment, personnel, methods, practices, records, and controls are In
conformance with the regulations in this part. For any given study, the quality
assurance unit shall be entirely separate from and independent of the personnel
engaged in the direction and conduct of the study

The quality assurance/quality control group shall inspect each study at intervals
adequate to ensure the integrity of the study.

While the specific physical and biological monitoring program considered in this report do not
appear to be regulated by federal or state regulations, they should follow commonly accepted good
laboratory practices. The results from a monitoring program that does not follow good laboratory
practices could be subject to serious lega chalenges in the courts.

Bonneville Power Administration Page 6 Task 5 Report
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5.0 GASBUBBLE TRAUMA - A REVIEW

In order to understand some of the observations which were made and the conclusions and
recommendations which were derived from reviewing the GBT monitoring program, it is
important to examine some of the biophysical processes which lead to GBT in fisn. The followin
sections present some of the background information on DGS, the physical and physiologi
processes which lead to GBT in fish, and descriptions of river conditions and fish behavior which
can influence the appearance of signs of GBT.

5.1 Reporting of Dissolved Gas Supersaturation

Before considering the development of GBT in fish, it is instructive to examine the methods by
which dissolved gas tensions are reported. Throughout the literature dealing with DGS and GBT
in fish, there have been a variety of methods used for calculating and reporting dissolved gas
levels. Colt (1986) presented a detailed analysis of these methods. Traditionally, dissolved gas
tensions have been reported as Total Gas Pressure (TGP), which is the sum of partial pressures of
all dissolved gases. Dissolved gas tensions have also been reported as a percent of atmospheric
pressure(TGP%). However, the preferred method is to report dissolved gas tensions as AP (Colt

1986, Fidler and Miller 1994, STANDARD METHODS 1992), which is defined as follows:

AP pN3 +p0Oz + pH70 - pAtn Equation 1
where

pN2 = partial pressure of dissolved nitrogen (mm Hg)

PO2 = partial pressure of dissolved oxygen (mm Hg)

pH2O = vapor pressure of water (mm Hg)

pAtm = atmospheric pressure.(mm HQ)

The reason that this method is preferred for describing the physiological signs of GBT is that the
potential for bubble growth in fish and the rate of bubble growth are related directly to AP (Harvey
et al. 1944, Fox and Herzfeld 1954, Hlastala and Fahri 1973, Yount 1979, Fidler 1988,
Shrimpton et al. 1990a and b). On the other hand, for any given level of AP, the corresponding
TGP or TGP% varies with altitude and barometric pressure (Fidier and Miller 1994). That is, for
the same TGP (or TGP%), the potential for bubble growth and the rate of bubble growth will vary
with atitude and barometric pressure. Thus, when relating the signs of GBT to dissolved gas
tensions, reporting of dissolved gas levels as AP does not require corrections for altitude or
barometric pressure. Furthermore, since the fundamental measurement of all dissolved gas
measuring instrumentsis AP, it is not necessary to record barometric pressure.

In the remainder of this report AP (in mm Hg) will be used as the measure of dissolved gas
tensions and as an indicator of thresholds for bubble growth in fish. For the convenience of those
who prefer to use the traditional methods, TGP% vaues based on standard sea level barometric
pressure (760 mm Hg) will aso be provided where appropriate. However, it should be recognized
that a given level of TGP or TGP% represents varying potentials for bubble growth and ditferent
bubble growth rates for altitudes or barometric pressures which are different from standard sea
level barometric pressure.

Bonneville Power Administration Page 7 Task 5 Report
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Often, in the analysis of the physics of DGS and GBT and in the analysis of data from the
literature, it is convenient to work with an effective AP, An effective AP accounts for the
compensating effects of water depth on not only the potential for bubble growth but also on the rate
of bubble growth: The uncompensated APis defined as follows.

APuncomp = AP - 83 h Equation 2
where

APuncomp = uncompensated AP in mm Hg

AP = measured AP in mm Hg

h =  waterdepthinm

5.2 Signs of Gas Bubble Trauma
The major signs of GBT which can cause death or lead to high levels of stressin fish are:

¢ Bubble formation in the cardiovascular%stem, causing blockage of blood flow and
death (Bouck 1980, Jensen 1980, Weitkamp and Katz 1980, Fidler 1988, Fidler
and Miller 1994).

) Overinflation and possible rupture of the swim bladder in young fish, leading to
death or severe problems of overbuoyancy (Shirahata 1966, Jensen 1980,
ﬁolrlnaciggi)and Colt 1984, Fidler 1988, Shrimpton et al. 1990a and b, Fidler and

iller :

° Extracorporeal bubble formation in" i1l lamella, causing blockage of respiratory
water flow and death by asphyxiation (Fidler 1988, Fidler and Miller 1994).

° Sub-dermal emphysema on body surfaces, including the lining of the mouth.
Emphysema of tissue in the mouth may also contribute to the blockage of
r%*oi ratory water flow and death by asphyxiation (Fidler 1988, White et al. 1991,
Fidler and Miller 1994).

Depending on dissolved gas levels, various combinations of these signs may be present in fish
throughout the Columbia and Snake rivers.

5.3 Development of Gas Bubble Trauma Signs

Each sign of GBT involves the growth of gas bubbles, internal and/or externa to the animal.
However, for each clinical sign, there is a threshold level of AP which must be exceeded before
bubble formation can begin ?Fidler 1988, Shrimpton et al. 1990a and b). Still, the activation of
GBT signs is not an easily demonstrated cause and effect relationship. This is because bubbles
which develop internal to the animal may form in many body compartments, disrupting
neurological, cardiovascular, respiratory, osmoregulatory, and other physiological functions
(Stroud and Nebeker 1976, Weitksmp and Katz 1980, Fidler 1988, Shrimpton et al. 1990a and b).
Depending on the level of DGS, there may be multiple signs present in affected animals. GBT
may also increase the susceptibility of aguatic organisms to other stresses such as bacterial, viral,
and fungal infections (Meekin and Turner 1974, Nebeker et a. 1976, Weitkamp and Katz 1980).
All signs of GBT weaken fish, especially larval and juvenile life stages, thereby increasing their
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susceptibility to predation (White et al. 199 1). Consequently, mortality can result from a variety of
both direct and indirect effects associated with DGS.

5.4 Biophysics of Gas Bubble Trauma in Fish

In recent years, research at the University of British Columbia, the Canadian Department of
Fisheries and Oceans Pacific Biologica Station, and the Montana State University has led to
considerable insight into the physiological causes of GBT in fish and the definition of thresholds
for specific signs of GBT. In addition, much has been learned about the function of the swim
bladder and behavioral responses of fish under conditions of DGS. The results of this research
have important bearing on understanding the biophysics of GBT and have played an important role
in developing the review of the Columbia and Snake rivers GBT monitoring program.

At the University of British Columbia, Fidler (1984 and 1988) and S_hrim?ton et a. (1990a and b)
conducted both theoretical and experimental studies of the biophysics of GBT in rainbow trout.
The effects of DGS on physiological parameters such as swim bladder pressures, intracorporeal
and extracorporeal bubble formation, blood pressure, blood pH, blood pO,, and blood
catacholamines were examined in terms of water AP and pO», water depth, and fish size. By
combining the results of these studies with an analysis of data from the literature, Fidler (1988) and
Shrimpton et al. (1990a and b) were able to establish parametersin a series of equations which
predicted the thresholds in wateAP for specific signsof GBT in  fish.

From an analyses of bubble growth processes associated with decompression, cavitation, nucleate
boiling, and other similar physical processes, Fidler (1988) derived the following equations which
define thresholds in dissolved gas levels for the mgjor signs of GBT.

APgp = 73.89. h + 0.15- pOy Equation 3

APgw =73.89. h+83.0 _ Equation 4

APcy = 73.89. h+021-pOy + 830 Equation 5

where

APsp = water AP required to initiate overinflation of the swim bladder’in
rainbow trout.

APpw = water AP required to initiate sub-derma emphysema and
extracorporeal bubble growth between gill lamella.

APCy = water AP required to initiate bubble growth in the cardiovascular
systems of rainbow trout.

h = water depth at which the fish islocated in meters.

pO2 = partial pressure of dissolved oxygen (mm Hg) in the environmental
‘water.

The basis for the equations centers on the concept that nucleation sites are involved in phase
changes between liquids and gases (Harvey et al. 1944, Fox and Herzfeld 1954, Hlastala and
Fahri 1973, Yount 1979). Because surface tension and other surface phenomena impose
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restrictions on the stability of these nucleation sites, thresholds in water AP are an immediate
consequence. The application of these stability criteria to bubble growth in' fish and to
overintlation of the swim bladder involves additional considerations in terms of gas exchange
between the fish and the water environment. Diffusive and convective resistance at the gill reduce
blood dissolved oxygen tensions from those of the environmental water (Randall and Daxboeck
1984). Thus, the thresholds for bubble growth in fish differ from those for bubble growth in the
((anvi ro)nmental water. These principles were incorporated into the derivations presented by Fidler
1988).

In Equations 3, 4, and 5, the factor 73.89 converts water depth to hydrostatic pressure in mm Hg.
As the equations imply, water depth is a major factor in establishing the thresholds for signs of
GBT. Every meter of depth requires approximat%I%/ 74 mmsléldg of additional APto initiate a
particular sign of GBT. Thus, water depth, if available and used by fish, can play an important
?rotective role for fish exposed to high levels of DGS. However, as will be discussed shortly,
ish behavior and the time course for bubble growth will establish whether the benefits of water
depth are actualy redlized.

The coefficients multiplying the pO2 terms in Equations 3 and 5 account for the reduction of
dissolved oxygen in arteria blood from that in the environmental water. These terms imply that the
APrequired to Initiate swim bladder overinflation and cardiovascular bubble growth increases as
water pO7 increases. Thisisin agreement with the statistical modeling studies of Jensen et al.
(1986) and other data from the literature (Fidler 1988).

Equation 4, which describes the threshold for extracorporeal bubble growth and sub-dermal
emphysema, is independent of water pO,. Sub-dermal emphysema appears to involve direct
diffusion of gases from the water to nucleation sites just beneath the skin surface.

The 83.0 constant in Equations 4 and 5 accounts for the combined effects of blood or water surface
tension, blood pressure, and the size of microscopic nucleation sites upon which bubble growth m
the vascular system or in the environmental water is initiated. In the case of the swim bladder, this
parameter is zero due to the large size of the swim bladder (Fidler 19882. It was through a series
of laboratory experiments using rainbow trout and an analysis of data from the literature, thet a
vaue of 83.0 was established for this parameter (Fidier 1988).

Figure 5.1 shows Equations 3, 4, and 5 plotted in terms of APthresholds for specific signs of
GBT versus water depth for a water temperature of 10° C and awater pO2 of 157 mm Hg (sea
level normoxic). From the figure it is evident that at a water depth of 0.0 m, the lowest threshold
for GBT is aAPof about 24 mm Hg (sea level TGP% = 103%); this corresponds to the threshold
for swim bladder overinflation. The next highest threshold occurs at aAPaf about 83 mm Hg (sea
level TGP% = 110.0% at 0.0 m water depth) and is the threshold at which extracorporeal bubbles
form between gill lamella and sub-derma emphysema begins. The highest threshold is that for the
development of cardiovascular bubbles and occurs at a water APof about 106 mm Hg (sea level
TGP% = 115% at 0.0 m water depth).

5.5 Compensation Depths

In some cases, the depths of Figure 5.1 can be interpreted as compensation depths or those depths
below which the particular GBT symptom may or may not occur. However, it is important that
care be taken in applying this interpretation. For example, depending on the initia inflation
pressure in the swim bladder, which in many situations is determined by fish behavior independent
of DGS, the swim bladder would tend to overinflate when a fish moves above the compensation
depth. When the fish moves below the compensation depth, the swim bladder would tend to
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deflate. Thus, the threshold line for swim bladder overinflation of Figure 5.1 is a true
compensation threshold.

For the growth of intracorporeal and extracorporeal bubbles, a different interpretation of the
thresholds of Figure 5.1 isrequired. If bubble growth has not been initiated and a fish stays below
the compensation depth corresponding to the particular bubble growth threshold, bubble growth
will not be initiated. However, once the fish moves above the threshold depth and bubble growth
begins, movin%_back below the threshold depth would not stop bubble growth or cause the bubble
to collapse. This is because once the bubble radius has increased, growth can continue at AP
values lower than those required to initiate growth (Harvey et al. 1944, Fox and Herzfeld 1954,
Hlastala and Fahri 1973, Yount 1979, Fidler 1988, Fidler and Miller 1994).

Alternatively, bubble growth may be initiated as a result of a fish entering supersaturated water
with a AP above the bubble growth threshold. Once bubble growth has begun, the growth process
may continue even though the fish moves into water which is supersaturated but at aAPbelow the
threshold value. This has important implications as far as the observation of GBT signs over time.
For example, at some point a fish may be exposed to dissolved gas levels high enough to initiate
bubble growth. The fish may then move into water that is supersaturated but at levels below the
bubble growth threshold. As aresult, the bubbles may persist for long periods at dissolved gas
levels well below the threshold levels. Thus, it may be incorrect to relate the appearance of
bubbles in the cardiovascular system, extracorporeal bubbles in gill lamella, or sub-derrnal
emphysema to the dissolved gas levels in the water from which a fish was taken.

5.6 Time Course for Bubble Growth

In order to further understand the conditions under which bubbles can appear in fish exposed to
DGS, it is important to examine the time course over which bubble growth takes place. Of
particular interest is the time course for bubble growth in the vascular system and the
Ienvi ar‘lorll_mental water compared to bubble growth associated with sub-dermal emphysemaand in the
aerd line.

In some locations of the vascular system, such asin the gill lamella, bubble growth can be quite
rapid. In these locations, bubble growth is controlled by surface tension forces at the gas-liquid
interface and by diffusive resistance at the gill. For such a bubble, Figure 5.2 shows a plot of
bubble radius as a function of time for three levels of dissolved gas supersaturation. As shown, a

nucleus of 10 x 10°® m radius can increase its size by afactor of 10 in a matter of minutes.

Contrasting with this is the time course for bubble growth in the lateral line and beneath external
skin surfaces. For these bubbles, growth is controlled mainly by the tensile strength of skin
tissue, which is considerably greater than that of water. As aresult, bubbles grow very slowly,
sometimes taking days or weeks to develop to sizes which can be detected without magnification.
When the information regarding time for bubble growth and bubble growth thresholds is combined
with migratory fish behavior, a wide range of scenarios is possible for the development and
appearance of GBT signs. For example, If river dissolved gas levels are high enough at one
location to initiate bubble growth in gill lamelia, only a few minutes of exposure are needed to
produce bubbles 10 times the radius of the initial nucleation site. Because of the larger bubbles
(which in effect are larger nucleation sites), the fish might move into water of lower effective AP
(i.e, alower absolute APor aternatively a greater depth in the water column) and bubble growth
in the gill lamella may continue. However, the length of exposure time to cardiovascular threshold
APlevels may not have been sufficient to initiate significant bubble growth in the lateral line of
beneath external skin surfaces (Figure 5.1).
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Furthermore, once the bubble growth has been initiated in the gill lamella, the level of AP required

to keep these bubbles growing can be below that required to initiate bubble growth in the |ateral

line and beneath external skin surfaces. As a result of this scenario, attempts to detect signs of
GBT through external examinations (even microscopic externa examinations) will not reveal the
presence of bubblesin the vascular system.

As pointed out above, this leads to further complexities as far as relating observed signs to river
dissolved gas levels at the location the fish was captured. That is, a fish which shows signs of
bubblesin gill lamella at a dam low on the Columbia or Snake rivers may have encountered the
threshold levels of AP for bubble growth days or weeks earlier at a dam higher on the river.
Alternatively, fish which are not actively migrating during an extended period may develop signs
of bubble growth in gill lamella during a very short time of exposure to high levels of AP Days or
weeks later, when river dissolved gas levels are lower and the fish begins to migrate, the bubbles
may be detected in the fish when it is captured in the GBT monitoring program. This scenario
appliesto both juveniles and adults. In this situation, it would be almost impossible to identify the
AP conditions or the location on the river which led to the bubble formation. It should be clear that
it will be very difficult to relate signs of GBT to specific levels of river AP if these levels vary
widely over time or river location.

Y et another consideration in terms of the time course for bubble growth is the time required for
bubbles to be redissolved once a fish enters water which is of low or zero AP. This consideration
Is important from two standpoints. The first is the time required for fish to recover from the signs
of GBT and the second is the effect on monitoring activities: In thefirst case, little is known about
recovery times for fish in water of low AP. Weitkamp and Katz (1980) discussed the limited
information regarding the recovery of fish in water of zero AP (sea level TGP% = 100%). The
important consideration from the standpoint of monitoring fish for signs of GBT is the time fish
are held in water of low or zero AP before examinations are conducted Clearly, the longer fish are
held, the fewer the signs of GBT which will be present. The curves of bubble growth shown in
Figure 5.2 cannot be applied in reverse for estimating the time for dissolution of bubbles.
However, it is expected that the bubble collapse process will occur in about the same time course
as the growth process. g

Another consideration in terms of the time required for bubble growth is the length of time fish are
held in shallow water of high AP before examinations are conducted. For example, fish may be
migrating at depths where the effective APis very low or even negative (very deep water). At

these depths, signs of GBT may not be present. When these fish are captured and held in shallow.
water which has ahighap , signs of GBT may appear quickly. For example, fish held in water
with an effective’ AP = 114 mm Hg may develop bubbles in gill filaments which are 10 times the
size of nucleation sites in less than 15 minutes (Figure 5.2). Clearly, such observations do not
give atrue indication of the presence or absence of GBT signsin these fish.

An amost reverse situation occurs when fish that have already developed signs of GBT are
exposed to very deep water where the effective AP is low or negative. For example, fish which
enter the smolt bypass systems must descend in the water column 15 m or more before they are
intercepted by traveling screens. If they spend much time at depth, either before encounter with the
traveling screens or in the gate wells, the signs of GBT may disappear. In this case, the absence of
signs in these fish when captured in the smolt monitoring program will yield a false indication of
the condition of fish in the reservairs.

5.7 Time to Mortality

Time to mortality for GBT is an important consideration not only from the standpoint of survival of
fish in the river, but also from the standpoint of survival when held in shallow, high AP water.
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Many studies on GBT in fish have yielded considerable information on time to mortality for fish
exposed to AP levels greater than = 84 mm Hg. These times to mortality range from less than 1
hour up to many days, depending on dissolved gas levels (Fidler and Miller 1994). Because at
certain levels of AP multiple lethal stresses are present, there are overlapping causes of mortality
and, consequently, wide variations in time to mortality. However, one study (Knittle ez, al. 1980)

ave clear information on time to mortality for dissolved gas levels greater than the threshold value
or bubble growth in the cardiovascular system (APyncomp = 114 mm Hg). Figure 5.3 shows a
plot of time to mortality derived from these data and a best fit yegression curve of the data. Fidler
(1988) and Fidler and Miller (1994) discussed these data and the corrections in AP which have
been applied to arrive at APyncomp Values.

5.8 Swim Bladder Overinflation

All Pacific salmon species and all resident fish species of the Columbia and Snake rivers possess a
swim bladder which is used to control buoyancy over the wide range of depths encountered
throughout their lives. In physostome fishes, such as Pacific salmon and steelhead, the swim
bladder is connected to the esophagus by a small-diameter pneumatic duct. The duct serves as a
path for filling the swim bladder with atmospheric air to control buoyancy and can also be used to
vent air as a means of reducing buoyancy (Harvey 1963). Shrimpton et al. (1990a) found that in
supersaturated water the swim bladder can become overinflated as a result of dissolved gases
diffusing from the water to the bladder by way of the gills and vascular system. When this
happens, fish may become severely overbuoyant.

5.8.1 Small Fish

Based on experiments using rainbow trout, Shrimpton et al. (1990a) demonstrated that the
symptom of swim bladder overinflation is, for the most part, restricted to juvenile or small fish
less than 50 mm in length. Furthermore, it was found that the DGS overpressure required to
cause venting of the swim bladder by way of the pneumatic duct increased in a hyperbolic
fashion as fish size decreased. Figure 5.4 shows this relationship between swim bladder
venting AP and fish weight. The AP represents the pressure differential between the swim
bladder pressure and local hydrostatic pressure at which the swim bladder vents throuPh the
pneumatic duct. For very small fish, swim bladder rupture often occurred as water Aplevels
approached 70 mm Hg. It was hypothesized that because of the size of the pneumatic duct in
small fish, high surface tension forces at the gas-water interface blocked the movement of gas
within the duct (Fidler 1984 and 1988).

In the laboratory environment, Shrimpton er al. (1990b) also found that given the op()joortunity
to use water depth to compensate for overbuoyancy, small rainbow trout would spend a
significant amount of time at a water depth where they were neutrally buoyant. Furthermore,

aSAP increased, fish would move deeper in the water column to overcome the effects of swim
bladder overinflation. However, it should be emphasized that fish did not go to or below the
compensation depth and remain there. Over time, they used the entire water column. Still, on
the average, they spent most of the time at the compensation depth or below. It is not known if

unrestrained, migrating fish will respond in asimilar manner. In ariver, migration, schooling,
feeding, and avoidance of predators may lead to behavior patterns which offset the responses
to overbuoyancy.

For example, fish which are swimming actively (e.g., migrating), may be able to use pectoral
fin orientation and hydrodynamic forces to offset any positive or negative buoyancy effects.
The behavioral response of fish to buoyancy, especialy in relation to their position in the water
column and the state of their swim bladders, will be examined in more detail in a subsequent
section.
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5.8.2 Large Fish

Shrimpton er al. (1990a) found that ovetinflation of the swim bladder in large fish (> 200 g)
was easily relieved by the venting of gas through the pneumatic duct. This appeared to happen
automatically, without any control on the part of the fish, when the pressure rose to a venting
threshold level (Figure 5.4). These results would imply that fish larger than 200 g, under
normal river conditions, would not encounter a problem of swim bladder overinflation
resulting from DGS. As a result, there would be no overbuoyancy stimulus to cause large fish
to move below the compensation depth for bubble growth.

It is not known if adult fish will seek depth to avoid the signs of GBT. Consequently, in the
absence of an overbuoyancy stimulus, they may not move into deeper water to benefit from the
compensating effects of hydrostatic pressure. If these fish remain near the water surface, they
will be exposed to the highest levels of uncompensated DGS and exhibit the more severe signs
of GBT. In 1968, heavy mortalities of adult chinook salmon occurred at the John Day Dam.
If the fish had used the water depth which was available to them at the dam, the losses may
have been mitigated. Since these fish did not appear to seek depth, it can be hypothesized that
large fish cannot detect DGS and that they do not have any other mechanism, such as
overbuoyancy, to motivate them to use deep water to avoid the signs of GBT.
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6.0 DESCRIPTION OF MONITORING PROGRAM
This section discusses the dissolved gas and GBT data collected on the Columbia and Snake
rivers. Detailed information on the monitoring programs is presented in Appendices B and C. A
site map of the dams and gas monitoring stations is presented in Figure 6.1. Currently, there are
five sources of data on the clinical signs of GBT:

Smolt Monitoring

Fish Guidance Efficiency Monitoring

Adult Sdmon Monitoring

Resident Fish Monitoring

Net Pen Exposure
The location of the various gas bubble trauma monitoring sites are presented in Table 6.1. With
the exception on the resident fish and netpen exposure below Priest Rapids on the Hanford Reach

g{f_ the Columbia River, there is not monitoring for gas bubble trauma on the Middle Columbia
iver.

Table 6.1
Location of the Various Gas Bubble Trauma Monitoring Sites
_Fish Resident Fish
Guidance Monitoring
Smolt Efficiency Adult and Net Pen
Dam Monitoring | Monitoring | Monitoring Exposure
Bonneville . : . * below dam
The Dalles °
John Day .
McNary . .
Ice Harbor ' ° * below dam
Lower Monumental .
Little Goose . °
Lower Granite . ’
Priest Rapids « below dam
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6.1 Smolt Monitoring

The FPC is conducting a system-wide juvenile smolt monitoring program (SMP) on the Snake and
Columbia rivers. The SMP personnel are conducting GBT monitoring at Bonneville, John Day,
McNary, Lower Monumental, Little Goose, and Lower Granite dams.

The physical smalt collection systems vary between the different dams. At the collector dams
McNary, Lower Monumental, Little Goose, and Lower Granite), fish collected over the previous
4 hour period are evaluated each morning. At the other dams, smolts are collected from the

separator, migrant trap, or gatewell sampler.

6.1.1 Externa Examination

24 hour samples- McNary, Lower Monumental, Little Goose, and Lower Granite

100 of each salmon species ?i_f available) are obtained from the collector and
examined in the morning. The Tish are sampled 3 times per week at Lower Granite
and every day a the other collector dams.

Migrant trap or gatewell sampler - Bonneville and John Day

100 of each salmon species (if available) are obtained from the separator or gatewell
sample and examined. The fish are sampled and examined every day.

6.1.2 %xternal/lnternal - Separator, Migrant Trap or Gatewell Sampler- All
ams

100 hatchery chinook salmon or steelhead are collected directly from the separator,
migrant trap, or gatewell sampler and examined. These fish are sampled every day.
At the collector darn, the fish are collected twice daily. Every other day, 30
hatchery steelhead are sacrificed and examined for external and internal signs of
GBT.

The fish for Smolt Monitoring Program at the collector dams (McNary, Lower Monumental,
Little Goose, and Lower Granite) are collected over a 24 hour period and examined for external
signs of gas bubble trauma only once a day. Therefore, the holding time for these fish varies
from minutes up to 24 hours. The 100 haIcher?; fish collected from the separators, migrant
traps or gatewells for external examination were held a much shorter time prior to examination.
The holding period depends on the number of fish passing a dam, the physical facilities, and
the operator. Typical holding times were difficult to document, but probably ranged from 15 to
45 minutes. The sub-sample of 100 hatchery fish examined for external and internal signs of
GBT could have been held up to an additional 2 - 3 hours at some dams prior to examination.
The additional holding time prior to examination is a function of the number of fish collected
and the time required to perform the externa and interna examination.

These data are reported in two separate tables in the Daily Dissolved Gus and Biological
Monitoring Data report prepared by the FPC.

6.2 Fish Guidance Efficiency Studies

NMFS conducted research to evaluate fish guidance efficiencies of turbine intake screens at
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Bonneville, The Dalles, McNary, and Little Goose dams. This involved collection of smolts by
gatewell clipping and from fyke nets located just downstream from the traveling screens. These
tests are conducted at night when the mgjority of smolts are moving downstream.

The following samples are examined:

100 fish of each salmon species from the gatewell sample are examined for external
signs of GBT

10 fish per salmon species from the gatewell sample are anesthetized and examined
under a dissecting microscope for the presence of latera line bubbles

10 fish per salmon species from the fyke net sample are examined under a
dissecting microscope for the presence of internal bubbles.

The fish that have been captured by the fyke net are killed by impingement on the net and may have
been dead for up to 1 hour prior to examination. Due to time constraints, the study team was
unable to observe the collection or examination of fish at the Fish Guidance Efficiency monitoring
sites.

These data are reported in separate tables in the Daily Dissolved Gas and Biological Monitoring
Data report prepared by the FPC.

6.3 Adult Salmon Monitoring

Adult saimon migrating upstream were sampled in the fish ladders at Bonneville, Ice Harbor, and
Lower Granite dams. Additional observations were made by the Confederated Tribes of the
Umatilla and the Oregon Department of Fish and Wildlife a Three Mile Dam on the Umatilla River,
The fish were anesthetized and examined visuallg (ahand lens was used at some sites) for external
signs of GBT. No internal examination was being done. Following recovery, the fish were
released back into the ladder. ’

At Bonneville Dam, sampling is conducted 3 days per week for 6 to 8 hours per day. The
expected daily catch ranges from 30 to 90 fish.

At Ice Harbor Dam, sampling is conducted 5 days per week for up to 6 hours per day. The fisn
can be examined for externa signs through a window in the trap or by closer examination of
anesthetized fish. All anesthetized fish are allowed to recover and are released back into the river 2
miles above the dam. The maximum number of fish sampled is 24 fish per day or 10% of the fish
passwalge((e]I count for the previous day. Only smaller 2-ocean fish and 3-ocean hatchery fish are
sampled.

At Three Mile Dam, adults are examined for external signs of GBT as part of an existing
enum_erggon and transport program. All the adults at the Three Mile facility are anesthetized and
examined.

At Lower Granite Dam, the trap is operated 7 days per week for about 8 hours per day. About 10
% of the fish passing Lower Granite Dam are sampled. The fish are anesthetized and examined for
external signs of GBT. Only hatchery fish are examined.

These data are reported in separate tables in the Daily Dissolved Gas and Biological Monitoring
Data report prepared by the FPC.
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6.4 Resdent Fish and Invertebrate Monitoring

Resident fish and invertebrate were sampled downstream from Priest Rapids, |ce Harbor, and
Bonneville dams by NMFS. Fish are collected by electrofishing, invertebrate pumps, and
plankton nets. Below Ice Harbor Dam, beach seining did not work very well and has been
eliminated. The number of fish sampled ranges from 70 to 300 per day. A significant number of
resident salmon are collected below Priest Rapids and Bonneville dams.

As with most river sampling programs, fish are not found uniformly in the river and must be
collected where they can be caught. At the site below Ice Harbor Dam, there IS a significant
variation in the total gas pressure in the river and most of the fish are collected from the side with
the lower total gas pressure. Fish and invertebrates are examined for externa signs of gas bubbles
under a dissecting microscope.

These data are reported in SeBz(a:rate tables in the Daily Dissolved Gas and Biological Monitoring
Data report prepared by the FPC.

6.5 Net Pen Exposure

Net pen exposure of resident and hatchery smolts is being conducted downstream from Priest
Rapids, Ice Harbor, and Bonneville dams by NMZFS. On aweekly basis, up to 100 resident and
hatchery smolts will be placed in net pen enclosures, held in ambient river water for 4 days, and
examined for signs of GBT. Half of thefish are held in ashallow pen and half in a deep pen. At
the end of the 4-day exposure, only the mortalities are examined for internal signs of GBT.

The data for the hatchery chinook salmon is reported in separate tablesin the Daily Dissolved Gas
and Biological Monitoring Ddta report prepared by the FPC. The data for the resident fish is not
included in this report.

6.6 Dissolved Gas Monitoring

The COE maintains dissolved gas monitoring stations at 21 sites on the Columbia and Snake rivers
(see Figure 6.1). The monitoring systems are manufactured by Common Sensi n%, Inc. and
measure water temperature, total gas pressure, partial pressure of oxygen, AP, and barometric
pressure. The location the station and type of units are presented below:

6.6.1 Forebay Monitoring - Automatic

Monitoring stanons are located in the forebays of all the mainstem Columbia and Lower Snake
River darns. Data from automated stations are reported on real-time basis to the Columbia
River Operationa Hydromet Management System (CROHMYS). Data are available on an
hourly basis from the COE.

6.6.2  Tallrace Monitoring - Automatic

In addition, there are monitoring units downstream from Dworshak and Ice Harbor dams, at
Priest Rapids and Bonneville dams, and at Warrrendale (Oregon), at Skamania (\Washington),
Washougal (Washington), Kalama, (Washington), and Wauna (Oregon). Data from the
tallwater stations are also available from the same CROHMS data base, with some time lag.
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6.6.3  Talrace Monitoring - Manual/Fixed Sites

Additional monitoring stations are located downstream from spillways at Lower Granite, Little
Goose, Lower Monumental, and McNary dams. Data from the monitors must be down-loaded
manually after a2 to 4 day interval.

6.6.4  Tallrace Monitoring - Manual/Boat

|ntermittent monitoring is being conducted by boat downstream from spillways at John Day,
The Dalles, and Bonneville dams.

The COE is planning to replace all the manual tailrace monitoring stations with automatic units
over the next two years, Duplicate monitoring sites have been installed at Ice Harbor, McNary
(south), The Dalles, and Warrendale.

6.7 Data Reporting

Data are faxed or transmitted by modem to the FPC from the field sites on a daily basis. A daily
summary report of the data is prepared by the FPC (See Appendix D). This report contains
separate summary tables for the individual monitoring programs and dissolved gas information.
This report is faxed daily to a number of interested individuals and agencies. The daily summary
report is also posted on two computer bulletin boards at FPC (503-230-7563) and CBFWA (503-

326.7792) and faxed to a number of individual and organizations. The daily summary report is
also transmitted to NMFS for further distribution.

Total gas pressure (TGP) is presented for the automatic sites in terms of the following parameters:
average of the 12 highest hourly values
24 hour average
maximum hourly value ’

Tailwater total dissolved gas pressures are presented in terms of maximum and minimum on adaily
basis for below John Day, The Dalles, and Bonneville dams.
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7.0 MONITORING RESULTS

In general, the results of the GBT monitoring review varied depending on sampling location, the
dates of examination, whether adults or smolts were being examined, and the type of examination
being performed. For the most gart, monitoring results were consistent on both the Columbia and
Snake rivers. In the case of DGS monitoring, results also varied depending on sampling location
and the dates examined. However, results were also consistent for the most part throughout the
Columbia and Snake rivers.

A complete set of the daily summaries for biological and dissolved gas monitoring are presented in
Appendix D (approximately May 5 to June 30, 1994). The majority of the monitoring activities
ceased on June 20, 1994 when the emergency spill stopped. The external examination of smolts
conducted by the Smolt Monitoring Program continued until September 16, 1994. The sections
which follow will examine these resultsin further detail. The data presented in Appendix D are not
what was presented to the State and Federal Agenciesin real-time. This subject will be discussed
in detail in Section 12.0.

7.1 Clinical Signs of Gas Bubble Trauma - Smolt Monitoring Program

The following sections summarize the signs of GBT which were observed at the Columbia and
Snake river monitoring sites from May 9 through June 30, 1994.

711 Smolt Monitoring Program - External Examinations of All Fish

This activity involved examination of al smolts captured during the monitoring period. Smolts
came from the bypass systems and were collected in holding tanks. The fish could have been
held for up to 24 hours before examination. Monitoring procedures involved a non-
mi cr%scoplc external examination of body surfaces including tin rays and the lining of the
mouth.

Throughout the period from May 11 through June 30, 1994 very few smolts showed external
signs of GBT which could be detected without visual magnification. For most days during this
eriod, fish showed no signs of GBT. The few days in which signs of GBT were noted were,
or the most part, a a level of about 2% or less (Table 7.1). However, there were notable
exceptions where levels were as high as 7.1% 51 fish out of 14 fish sampled). However, no
externa signs were detected after May 31, 1994. This may have been due to the decision to
reduce spill levelson May 27, 1994,

No external clinical signs of GBT were detected during the period of July 1, 1994 to
September 16, 1994. The daily summaries for this period were omitted from Appendix D.

7.1.2  Smolt Monitoring Program - External Examination of Separator
Samples

This activity involved non-microscopic visual examination of up to 100 fish twice a day. The
data provided by the FPC for this review covered the period ng 18 through June 20, 1994.
The examinations included hatchery and wild chinook salmon and hatchery and wild steel head.
During this review, it was found that the length of time that fish were held before examination
digended on the monitoring site and the period of collection. At times of non-peak migration,
fisn could be held for up to severa hours before examination.
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Table 7.1

Gas Bubble Trauma Signs in Smolt Monitoring Program -

External Examinations of All

ish (see Appendix D for data summaries)

Contract No. DE-AC79-93BP56208

% Showing
Species Monitoring Site Date External Signs
hatchery chinook salmon Lower Monumental 5/14/94 0.1
hatchery chinook salmon Lower Monumental 5/15/94 1.1
hatchery steelhead Lower Monumental 5/15/94 0.2
wild steethead Lower Monumental 5/15/94 0.3
wild sockeye salmon Lower Monumental 5/15/94 7.1
hatchery chinook salmon Lower Monumental 5/16/%4 0.1
hatchery steelhead Lower Monumental 5/23/94 1.2
hatchery steelhead McNary 5/26/94 0.5
hatchery steelhead McNary 5/28/94 2.2
hatchery steelhead McNary 5/30/94 1.4
wild steelhead Bonneville 5/13/94 0.9
wild steelhead Bonneville 5/15/94 1.1
hatchery steelhead Bonneville 5/17/94 1.0
wild steelhead Bonneville 5/17/94 4.0
wild steelhead Bonneville 5/18/94 1.0
wild steelheéd Bonneville 5/19/94 5.6
hatchery steelhead Bonneville 5/20/94 1.1
wild steelhead Bonneville 5/20/94 3.3
wild sockeye satmon Bomneville 5/26/94 2.7
wild steelhead Bonneville 3/27/94 1.9
wild steelhead Bonneville S5/28/94 0.9
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For most days of the monitoring period, the prevaence of GBT signs in all species was zero.

For the days when GBT signs were observed, levels were at about 2% or less for most

species. However, on May 28, 1994 signs of GBT were present in 16.7% (1 fish out of 6 fish

sampled) of the wild steelhead examined. Table 7.2 summarizes the prevalence of GBT signs

(I\)/lbser\ﬁd %) stﬂe various monitoring sites. Very few signs of GBT appear in captured fish after
ay ol :

7.1.3 Smolt Monitoring Program - Microscopic Examination of
Lateral Line and Internal Signs

Data su&plied by the FPC for this monitoring activity covered the period from May 13 through
June 20, 1994. These data are presented in Appendix D. It will be noted in these data that
monitoring did not start on the same date at each monitoring Ste.

Data collected from this monitoring activity showed a higher prevalence of GBT signs than
were observed in any of the non-magnified visua externa examinations. The one exception
involved the monitoringeCProgram at McNary Dam where verTy few GBT signs were noted in
either the non-magnified visual examinations or the magnified examinations involving the
lateral line and internal body organs. The greatest contrast between the observations at McNary
and the other dams was in the latera line and internal examinations. Throughout most days of
the monitoring period, the sites at Little Goose Dam, Lower Monumental Dam, John Day Dam,
and Bonneville Dam all reported some bubbles in internal bodgl compartments and in gill
filaments of many of the fish examined. The John Day Dam and Bonneville Dam sites a'so
reported a significant occurrence of bubbles in the latera lines. At times, the incidence of
lateral line bubbles was as high as 100% (Bonneville Dam - 5/31/94) and the incidence of gill
filament bubbles was as high as 83% (Bonneville Dam - 5/31/94). Furthermore, with the
exception of the McNary Dam, the prevalence of GBT signs increased in adownriver direction
from Little Goose Dam to Bonneville Dam. This was consistent and as expected in terms of
increased periods of exposure as fish moved down the Snake and Columbia rivers. However,
during this entire period, the McNary Dam site reported only one fish having internal bubbles
(inthe kidney). At present there is no explanation for the contrasting observations between the
McNary Darn monitoring site and those at the other dams. It was noted that the examination of
the lateral line and skin peel was performed without a microscope and was a significant
departure from the recommended procedure which was used at al other sites. However, these
departures in protocol do not explain the contrasting observations of bubblesin the gill
filaments and internal body compartments since microscopic examination of gill filaments was
performed at the McNary monitoring site.

7.1.4 National Marine Fisheries Service - Fish Guidance Efficiency
Monitoring

Data supplied by the FPC for this monitoring activity covered the period May 18 through June
2,1994. During this period, GBT signs were observed on only three days of the monitoring
period. These data were observed at the McNary monitoring site only and are shown in Table
7.3 and Appendix D.

7.1.5 Nationa Marine Fisheries Service - Net Pen Monitoring

This monitoring activity covered the period May 9 through June 10,1994. The data supplied
by FPC are presented in Appendix D. of the three sites monitored, only the Bonneville and the
Ice Harbor sites showed significant signs of GBT. The Priest Rapids site showed no evidence
of GBT during the monitoring period. The Ice Harbor site observed levels as high as 37%

Bonneville Power Administration Page 27 Task 5 Report
Contract No. DE-AC79-93BP66208 . October 18.1994



Table 7.2
Gas Bubble Trauma Signs in Smolt Monitoring Program - External Examination

Contract No. DE-AC79-93BP66208

of Separator ples (see Appendix D for data summaries)
% Showing
Species Monitoring Site Date External Signs
hatchery chinook | Lower Monumental 5/19/94 1.0
hatchery steelhead | Lower Monumental 5/19/94 2.0
hatchery steelhead | Lower Monumental 5/20/54 2.1
hatchery chinook | Lower Monumental 5/21/94 1.1
hatchery steelhead | Lower Monumental 5/21/94 4.2
hatchery chinook | Lower Monumental 5/22/94 2.2
hatchery steelhead | Lower Monumental 5/22/94 2.1
hatchery chinook | Lower Monumental 5/23/94 2.4
hatchery steelhead { Lower Monumental - | 5/23/94 1.1
hatchery steelhead | Lower Monumeﬂfﬁl 5/24/94 2.2
hatchery chinook | McNary 5/21/94 1.0
hatchery steelhead | McNary 5/27/94 1.1
wild steclhcad McNary 5/28/94 16.7
hatchery stethead | McNary 5/30/94 2.2
hatchery steelhead McNary 6/03/94 1.1
hatchery stedhead | McNary 6/11/94 1.1
hatchery steelhead McNary 6/17/94 1.1
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Table 7.3

Gas Bubble Trauma Signs from Fish Guidance Efficiency Monitoring Program
(see Appendix D for data summaries

Species Monitoring Site Date % Showing
External Signs
hatchery chinook McNary 5/22/94 | 2.0
hatchery steelhead McNary 5/24/94 1.2
hatchery steethead McNary | 5/31/94 2.0

during the period May 23 to May 27, 1994,
7.1.6  Nationa Marine Fisheries Service - Resident Fish Monitoring

This monitoring activity covered the period May 18 through June 20, 1994. The data supplied
by FPC are presented in Appendix D and summarized in Table 7.4. Of the three sites
monitored, signs of GBT were observed below |ce Harbor and Priest Rapids dams. The site
below Bonneville Dam showed no evidence of GBT during the monitoring period. Clinical
signs of GBT were only observed in nonsalmonid fish. The highest levels of GBT were
observed at the Ice Harbor site and ranged up to 5.6%.

7.2 Clinical Signs of Gas Bubble Trauma - Adult Monitoring Program

The data supplied for this monitoring activity covered the period from May 18 through June 9,
1994. During this monitoring, no signs of GBT were observed in any of the adult fish captured.

7.3 Dissolved Gas Supersaturation

Dissolved gas levels varied widely along the Columbia and Snake rivers throughout the monitoring
prer_lod. Data supplied by COE showed that levels varied not only with location but with time.

his may have been due, in part, to changes in the overall levels of spill between May and June
and to the practice of spilling only at night at Lower Granite, Little Goose, Lower Monumental,
McNary, John Day, and Bonneville dams. Spill a The Dalles Dam was continuous during the
entire monitoring period. Dissolved gas levels often varied significantly between dam forebay and
tailwater monitoring stations. Summary data sheets for dissolved gas data are presented in
Appendix D. Based on Department of Environmental Quality’s (Oregon) and Department of
Ecology’s (Washington? emergency modifications to the dissolved gas criteria, spill was managed
so that dissolved gas levels did not exceed 120% at locations within approximately 1 mile
downstream from each project.
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Table 7.4

Gas Bubble Trauma Signs from Resident Fisn Monitoring Program
(see Appendix D for data summaries)

% Showing
Species Monitoring Site Date. External Signs
Nonsalmonids Ice Harbor 5/18/94 4.1
Nonsalmonids Ice Harbor 5/23/94 ' 1.3
Nonsalmonids Ice Harbor 5/24/94 3.8
Nonsalmonids Ice Harbor 5/25/%4 0.9
Nonsalmonids Ice Harbor 5/27/94 5.6
Nonsalmonids Ice Harbor 5/30/94 5.0
Nonsalmonids Ice Harbor 6/6/94 0.3
Nonsalmonids Ice Harbor 6/13/94 2.1
Nonsalmonids |ceHarbor ~ 6/15/94 1.8
Nonsalmonids | ce Harbor 6/16/94 0.5
Nonsalmonids Priest Rapids 5/26/94 1.3
Nonsalmonids Priest Rapids 3/31/94 1.3

No attempt was made by the study team to analyze these data for possible correlations of dissolved
gas levels with observed signs of GBT. This would require additiona information on river water
velocities, migration timing at various dams, and the time of release of hatchery stocks. This type
of analysis has the potential to provide additional insight as to possible spatial and temporal
correlations between signs of GBT and dissolved gas levels. However, a significant number of
tagged hatchery fish would be required in order to achieve optimum results from such an analysis.

For monitoring sites at Lower Granite Dam and downstream, 24-hour average forebay dissolved
gas levels seldom exceeded 120%. Most sites recorded levels of 115% or less. Instantaneous
levels over 120% were most frequently recorded in the McNary forebay monitoring sites.
However, these only occurred prior to May 31, 1994.

Dissolved gas measurements just downstream from all dams below Lower Granite Dam were
generally less than 120% during the monitoring period. However, those obtained below Ice
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Harbor Dam were particularly high compared to other downstream monitoring sites. Levels

gerdeateeroI than 120% were present during most of the monitoring period, even after spill levels were
reduced.

In the upper and middle sections of the Columbia River, the highest TGP% levels recorded were
below Wanapum Dam and were 125% or greater until after June 4, In the upper sections of the
Snake River, TGP% levels below Dworshak Dam were at 120% on severa occasions.
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8.0 EVALUATION OF SMOLT MONITORING PROGRAM

The review teams visits to the GBT monitoring sites involved about two hours at each site where
demonstrations of monitoring procedures were presented. As aresult, it was not possible for the
monitoring team to assess the consistency with which the procedures have been applied over the
en{tj]iI re rertljonitori ng period. In the following sections, each part of the monitoring program will be
evaluated.

8.1 Location of Sites

The location of the existing sites do not appear to be entirely adec*uate for comprehensive
monitoring of smolt for signs of GBT. Because of the high levels of DGS below Ice Harbor
Dam, smolt downstream from this dam may be experienci ng levels of GBT which are not bein
detected in the current program. The highest level of DGS duri n%the 1994 spill was 134% an
occurred below Wanapum Dam. There are no monitoring sites on the mid Columbia River. There
is a further problem in that smolt are not being monitored for signs of GBT within the reservoirs
between the dams. This problem will be examined in more detail in the following section.

Recommendeation: The monitoring program should he expanded to include
monitoring at Ice Harbor Dam and at sites in the mid-Columbia River.

8.2 Validity of Samples

The main consideration in monitoring smolt for signs of GBT is whether the smolt that are
examined are representative of fish in the Columbia and Snake riversIn general. Based on the
discussions of Section 5, there is adequate reason to believe that mgjor differences may exist
between smolts taken from the smolt bypass system and smolts ‘inthe reservoirs.

8.2.1  Sample Size

Because the sample size used in the gill and internal examinationsis so small, the results of
these examinations may not provide a valid Statistical description of the presence or absence of
GBT in fish of the Columbia and Snake rivers. The review team did not attempt to define the
statistical requirements of the monitoring program. However, this question should be
addressed before the program continues any further. Without a statistically valid sample size,
the monitoring program produces qualitative, rather an quantitative information. Furthermore,
many of the questions raised in the following sections will undoubtedly place additional
importance on the statistical design requirements of the monitoring program.

The cm-rent sampling procedure for internal clinical signs of gas bubble trauma could aso
introduce a significant statistical bias into the data. The current procedure involves collection of
100 smolts for external examination and selection of only 30 for internal examination.
Statistical subsampling of fish in a tank is not simple. Commonly, smaller or weaker fish are
easier to catch. It isprobably desirable to use a single random sample of n fish for both the

externa and interna examinations.

Recommendation: The smolt monitoring program should be reviewed in terms
of the data requirements and procedures which are needed to make the program
statistically valid. This should include a report which clearly defines the data
needs, statistical interpretations, and limitations.
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8.2.2 Reservoir Fish

One concern is that fish which pass through the spillw%s of certain dams (e.g., Ice Harbor
Dam), may be subjected to dissolved gas |evels considerably higgler than those experienced by
fish passing through smolt bypass systems and turbines. In the river sections below dam
spillways, the exposure to highAP levels will persist until the flows from the spillways
dissipate some of the DGS to the atmosphere or are mixed with turbine and tributary flows.
Because bubbles in gill lamella can grow quickly, fish which are migrating near the surface of
these sections of the river may develop lethal signs and perish before they reach the next
monitoring site downstream. For example, the only fish which reach the next monitoring site
may be those which migrate deep enough in the water column to avoid APyncomp levels that
would result in the development of clinical signs of GBT. Once the surviving fish Eave moved
downstream far enough from the dam to where dissolved gas levels are lower, the threat of
direct lethal GBT may be reduced or eliminated. If these fish continue to migrate at the same
de%pth egr deeper, they may undergo some recovery because the effective AP will have been
reduced.

Direct observation of mortalitiesis highly unlikely as these fish will be eaten by birds or fish or
sink to the bottom. Consequently, these fish would be missed in the current monitoring
program and the overail losses could be substantially higher than the current monitoring
program would suggest. Clearly, there is a need to expand the monitoring program to intercept
some of the fish that are in river sections downstream from dam spillways.

Recommendation: ~ Fish samples should be collected from the forebay area of
each monitori n% site and compared to fish from the smolt bypass system for
se(];ns of gas bubble trauma. These samples would provide a comparison of the
relative degrees of gas bubble trauma severity between the two samples.

8.2.3  Water Depth

Another concern was the effect of fish moving into deep water in order to enter the smolt
bypass system. If they are delayed in their passage into the smolt bypass system, either near
the traveling screens or in the gate wells, the signs of GBT may disappear because of high
hydrostatic pressure. In this case, the effective Ap may even be negative, which would cause
bubbles in the grillls and other organs to redissolve quickly. If the delaa/ IS long enough, the
sub-dermal emphysema may also disappear. As a result, these fish would not be representative
of the fish in the dam forebay.

Yet another area of concern is the reverse problem. That is, in some cases water DGS levels
may be high enough in reservoirs to initiate signs of GBT in fish which occupy shallow water.
However, In the reservoirs, many fish may be migrating at depths which protect them from the
signs of GBT. If these fish are captured in the bypass system and held for long periods in
reservoir water, in shallow raceways, they may develop severe signs of GBT. In this case, the
signs of GBT in the captured fish would be more extreme than those of fish migrating in the
reservoirs.

At present it is not known how much degassing of water takes place in the smolt bypass
s%stem. Thiswill have a direct effect on dissolved gas levels in the smolt holding facilities and
the potential for fish to develop signs of GBT. There should be a study conducted which
defines the levels of degassing which takes place in these systems.

It should be recognized that all of the potential problems described above may be present to
varying degrees at al of the smolt and adult monitoring sites. Numerous studies have shown
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variable resultsin terms of the depths at which smolts and adults migrate (Smith 1974, Swan
and Norman 1987, Brege et al. 1988). Consequently, it is not possible to quantify these
effects at the present time. However, if the monitoring program is to produce reliable
information, these problems must be eliminated or adjustments made in the monitori ng
procedures which will quantify the effects of these problems. The best solution is to expan
the monitoring program to include sampling of fish in the reservoirs above the dams and for
some distance downstream of the darn spillways.

Recommendation;  Fish samples should be collected downstream from the dam
spillways of each monitoring site and compared to fish from the smolt bycFass
system” for signs of gas bubble trauma. These samples would provide a
t:omparlsoln of the relative degrees of gas bubble trauma severity between the
wo samples.

8.3 Species/Origin of Fish

Aswill be described in subsequent sections, it appears that the microscopic examinations of the gill
lamella and external lateral line provide the most sensitive method for detecting the signsof GBT in
fish. However, in the present monitoring program, this procedure is being applied to hatchery

steelhead only. It is possible that the signs of GBT observed in hatchery steelhead may not be an

accurate indicator of signs of GBT in chinook salmon (wild and hatchery), wild steelhead, and

other anadromous species. In order for the monitoring program to accurately reflect the effects of

DGS on all species and stocks of the Columbia and Snake rivers, it isimperative that it include
background information which quantifies the relative susceptibility of the different species and
stocks to GBT. These data can be obtained through comparative laboratory studies.

Another concern isthat the quality of fish released from the hatcheries may vary significantly from
hatchery to hatchery. It is possible that weaker fish stocks may be more susceptible to GBT than
stronger stocks. For example, weaker stocks may not have the energy or other resources to
maintain their normal span of migration depths. These fish may migrate closer to the water surface
where they are more pmne to developing signs of GBT. It is possible that the fish observed in the
monitoring program which are showing signs of GBT may be only those fish from weaker
hatchery stocks. Depending on the numbers of these weaker stocks, they may not be good
indicators of the presence of GBT in fish of the Columbia and Snake riversin general. Again, for
the monitoring program to provide accurate information, supplemental information will be needed
which quantifies the relative susceptibility of different hatchery stocksto GBT.

Recommendation: ~ Comparative studies should be conducted to establish the
relative susceptibility of the different species and stocks of anadromous fish in
the Columbia and Snake rivers to gas bubble trauma. The results of these studies
would serve to validate the monitoring based on hatchery steelhead. Additional
information on the migration characteristics of the different stocks (depth in water
column, time of travel, length of travel, etc.) may be needed to fully assess the
%as supersaturation risk to these different’ stocks as they migrate down the
olumbia and Snake rivers.

Given some of the high dissolved gas levels that were measured in the Snake River, it is possible
that fish released from some of the Snake River hatcheries may have had signs of GBT before they
were released. In order to verify this problem and its effects on the monitoring program, the
program should be expanded to include examination of fish in hatcheries where dissolved gas
levels may be elevated.
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Recommendation;  The fish in the magjor hatcheries on the Columbia and Snake
drainages should be examined for signs of gas bubble trauma prior to release.

8.4 Holding Procedures

Many of the concerns regarding the holding of fish have been described in the previous section.

The concerns have to do with the dissolved gas levels in the holdi n% facilities, the depth of the

holding facilides, and the length of time over which fish were held The problems are summarized
as follows.

If fish are held for Iongsﬁeriods in low APwater (APs = 10 to 30 mm Hgﬂ, the signs of GBT may
dlepear before the fish are examined. On the other hand, if fish are held in highAP water in
shallow facilities, signs of GBT may appear in these animals even though signs may not have been
present in fish in the reservoir, That is, in the reservoir, fish may be migrating at depths which do
not result in GBT. In moderately highly APs, it is also possible for bubble growth to continue at
APs below the thresholds levels (Equations 3-5). This would result in a highly prevalence of gas
bubble trauma (or more severe clinical signs) in the sampled fish as compared to the fish in the
upstream reservoir.

Because of these problems, and the short time required for bubbles to develop in gill lamella, any
facet of the monitoring program which requires holding fish for longer than 15 minutes may lead to
erronbe_zﬂjs results. Therefore, the monitoring program must be simplified to eliminate this
possibility.

Based on the dissolved gas monitoring conducted at the smolt by-pass systems (see Appendix A),
the AP increased in 2 out of the 5 cases asthe water flowed from the forebay to collection area.
The amount of degassing (or air entrainment) that occurs in these systems has not been
documented in any qomPrehensive manner. The operation of juvenile collection and holding
systems under high dissolved gas levels needs to be fully understood and documented

Recommendation: . Provisions should be made to limit the holding of smolts to a
rbnaxlmum of 15 minutes (excluding anesthetizing time) before examination
egins.

Recommendation: The operation of juvenile collection and holding systems
under high dissolved gas levels needs to be fully understood and documented.

8.5 Physical Examinations

The monitoring program involves a variety of internal and external examinations of fish for signs
of GBT. The examination approach consists of using internal and externa signs of GBT which
are believed to represent some prior history of exposure to DGS. Some of the external
examinations involve non-microscopic visua procedures. Other facets of the program involves
both microscopic external and internal examinations. Each procedure that was reviewed had
procedural problems which could lead to invalid data.  In other cases, it was clear that the
particular examination was inconclusive and would probably remain inconclusive regardiess of any
modification which could be made. The problems identified with each physical monitoring
procedure will be discussed in the following sections.
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8.5.1  External Non-Microscopic Examination of Lateral Line, Body
Surfaces and Fin Rays

Bubble formation in the lateral line, on external body surfaces, and in fin rays is a common
s%n of GBT in fish (Weitkamp and Katz 1980, Fidler 1988, White et al. 1991). In situations
where dissolved gas levels are high and water depths are shallow, these signs are readily
visible by simple visual examination. However, under these conditions fish are usualy in a
hig_h% stressed state (Weitkamp and Katz 1980, White et al. 1991). It is clear that it is
desirable to detect these signs long before the fish are in this state. The only way to effectively
detect the early formation of bubbles in the lateral line, beneath external skin surfaces, and in
the fin rays is under a microscope. Consequently, it is of little value to include any non-
microscopic examination of fish for signs of GBT.

8.5.2  External Microscopic Examination of Lateral Line

This particular procedure is especialy useful for early detection of the signs of GBT.
However, it iseProne to artifacts if the surface skin of the fish is alowed to warm to room

temperature before the examination. Warming of the skin may cause any bubbles that are
present to grow in size. This would result from the effects of Boyle's law and from reduced
solubility of dissolved gases. Nuclei which are present may also start to grow. The solution to
]Ehis prr(])blem is to make sure this examination Is conducted quickly after the fish is removed
rom the water.

Just the opposite effects can occur if fish are held out of water for a long time before
examination. Initially there may be bubbles present in the lateral line which may undergo
additional growth as described above. However, because the Barual pressure of nitrogen in air
is less than that in blood, nitrogen will diffuse out of the bubbles and into the air. This will
cause the bubble to collapse. As discussed in Section 8.4, the external examination of the
Iatlerz_al line should be conducted within 15 minutes after the fish is removed from the anesthetic
solution.

8.5.3 Fish Anesthesia

At present, fish which are sacrificed for examination are killed with an overdose of an
unbuffered solution of MS 222. The problem with this procedure is that unbuffered MS 222
acidifies the blood in the gill lamella. This, through the Root and Bohr effects, may drive
oxygen off hemoglobin. This oxygen will supersaturate the plasma and raise the total
dissolved gas pressure, which, in turn, ma%/ initiate bubble growth. The solution to this
problem isto buffer the MS 222 to apH of 7.5 with a mixture of 2 parts NaHCO03 to 1 part
MS 222.

Recommendation:  Fish should be anesthetized in a buffered solution (pH =
7.5) of MS 222. This can be accomplished with a mixture of two parts
NaHCO3 to one part MS 222.

8.5.4 Internal Examination of Lateral Line

This examination involves pedling a section of skin dong the lateral line to determine if bubbles
are present beneath the skin surface. In practice, this was performed both under water and dr?/,
and in most cases under some type 0 ma%nlfy| ng device (the McNary site was the only
exception). However, it was found that bubbles are generated as an artifact from the process
of peeling the skin from the underlying connective tissue and muscle. The review team
documented the artifactual nature of these bubblesin test peels of the lateral linein chinook
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salmon at the NBS Willard Field Station and in rainbow trout at Battelle in Richland. In
steelhead, the procedure is further confounded since bubbles of real or artifactual origin may be
retained beneath connective tissue covering the lateral line canal and may or may not be
observed.

8.5.5  Excising of Gill Arch

This procedure involves cutting one of the gill arches in the freshly killed fish underwater and
examining for the presence of bubble emission in the blood expressed from the gill by
vasculature pressure. It was the review team'’s conclusion that the observation of bubbles
resulting from bleedi n? from the gills underwater without magnification is of no utility. The
method Is unquantifiable, subjective, and it is doubtful that even large quantities of gas bubbles
could be observed by this method. Surface tension forces may also prevent any bnbbles from
being removed from the gill tissue.

8.5.6  Microscopic Examination of Gill Lamella

This procedure involves cutting a segment of primary lamella from the gill arch and examining
the segment under a c_omﬁound microscope. This procedure has considerable value as a means
of detecting bubbles in the afferent and efferent arteries of the primary lamella Thisis the
location where bubbles in the vasculature are likely to first form. However, there are problems
which can lead to artifacts. These involve the same considerations as were described above for
bubbles in the lateral line. That is, heating of the primary lamella to room temperature may
cause bubbles in the lamella to grow. On the other hand, if the lamella are held too long, the
bubbles may disappear. As with the examination of the lateral line the examination of the gill
primary lamella should be initiated no more than 15 minutes after the fish is removed from the
anesthetic solution. It is recommended that the slide on which the lamella are placed should be
at reservoir water temperature. Placing the sample slide on aglass block or a stack of dides
cooled to reservoir water temperature would help stabilize the temperature of the gill lamella.

Recommendation:  The first microscopic examination performed should be of
the gill lamellae. As soon as each lamella sample has been removed, the fish
should be returned to a bucket of water that is at the same temperature as
reservoir water.

Primary lamellae from the gills should be excised by clipping the outer 3 to §
mm of the lamellae tips from the gill arches. There is no need to cut out any
gill arches. A numerical _%radln procedure should be developed for this type
of examination. In addition, the appearance of gas bubbles which should
result in a positive recording need to be presented in the form of photographs
or diagrams for the monitoring operators.

The excised gill tamellae should be placed on a slide which has been cooled to
the temperature of the reservoir water. A 1/4” thick glass block or an
equivalent thickness of stacked slides should aso be cooled to the temperature
of the reservoir water. The glass block or stack of slides should be placed on
the microscope bed first and the gill sample slide placed on top.
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8.5.7 Examination of Viscera Cavity

In this procedure, the visceral cavity of the fish was opened and the surface of the intestine and
the kidney were examined, and the swim bladder was assessed visually for overinflation.

The examination of the swim bladder for overinflation suffers from two fundamental faults.
First, in fish larger than about 50 mm, the bladder may vent automatically (Shrimpton et al.
1990a,b). Thus, the exact relationship between swim bladder inflation and prior exposure to
supersaturated gas conditions is not known. Furthermore, overinflation of the swim bladder 1s
not a condition associated solely with dissolved gas supersaturation. Under normal water
dissolved gas conditions, a fish must overinflate the swim bladder at the water surface if itis to
be neutrally buoyant at depth (Fidier and Miller 1994). Thus, it is recommended that this
procedure should be deleted from the GBT monitoring program

The use of bubbles associated with the kidney and the intestine are inconclusive because of the
lack of a defined relationship to gas supersaturated conditions and the subjective nature of the
examination. It is recommended that this procedure should be deleted from the GBT
monitoring program.

Recommendation:  The examination of the swimbladder for over-inflation, and
examination for bubbles in the kidneys and intestine should be deleted from
the monitoring program.

Recommendation:  All externa or internal examinations for gas bubble trauma
which do not involve microscopic examination should be eiminated. With
current available information, the monitoring program for gas bubble trauma
should be limited to external examinations of the lateral line and fin rays of
smolts using a compound microscope. A numerical grading procedure for
signs should be developed for these two examinations

8.6 Field Data Recording

Based on the review team’s examination, it appears that the recording of data at the various
monitoring sitesis, for the most part, adequate. At some sites, monitoring personnel reported high

incidence of fungal infections on the external body surfaces of some animals. It may be that such
fish are more prone to GBT and may show signs more readily than uninfected fish. It would be
vauable to establish.3 there is a relationship between fish health and the occurrence of GBT signs.

In future monitoring programs, the data recording sheets should contain data fields which score
fish health and note the presence of obvious infections.

Recommendation:  The field data sheets should be expanded to include fields for

recording information on external signs of funga infections, lesions, and
abrasions.
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9.0 EVALUATION OF ADULT MONITORING PROGRAM
9.1 Location of Sites

The four adult sampling sites give good coverage of the Lower Columbia and Snake rivers. There
IS little reason to add additional monitoring sites. The Three Mile Dam site on the Umatilla River
should be fully integrated into the existing monitoring program.

9.2 Validity of Samples

The primarg way adults can move up the Columbia and Snake River is up the adult fish ladders (a
minor number of adults miggate through the navigation lock). It isbelieved that sampled fish are a
representative sample of the overall population of hatchery or marked fish migrating up the
Columbia and Snake rivers.

The statistical basis for the number of adults examined is unclear. While there are serious
constraints on the number of fish or species that can be examined, the data requirements and
sampling procedures should be better defined.

Recommendations.  The adult monitoring program should be reviewed in terms of
the data requirements and procedures which are needed to make the program
satisticaly valid. This should include a report which clearly defines the data
needs, statistical interpretations, and limitations.

9.3 Species/Origin of Fish

Only hatchery or marked fish were sampled. With the current status on Columbia and Snake river
samon, it is ulikely that sampling of wild adults will be permitted. There has been limited
experimental work on the effects of gas supersaturtion on adult salmonids. It is not known if
adult hatchery steelhead are more sensitive to gas supersaturation that the other salmonid speciesin
the Columbia and Snake rivers.

Recommendations; ~ Comparative studies should be conducted to establish the
relative susceptibility of adult salmonid species in the Columbia and Snake rivers
to gas bubble trauma. The results of these studies would serve to validate the
monltorleré? based on hatchery steelhead. It is likely that this work may have to be
conducted on hatchery fish obtained from outside the Columbia River Basin.

9.4 Holdings Procedures

The holding systems for adults at Bonneville, Ice Harbor, and Lower Granite dams were not
designed for operation under high AP conditions. For example, at Ice Harbor Dam, the adults are
IheIdHin kgorel[gay water for up to 6 hours. At a AP of 130%, this could prove |ethal to adults held at
ce Harbor Dam.

Recommendations. The operation of adult collection and holding systems under
conditions of high dissolved gas levels needs to be fully understood and
documented. This problem appears to be especidly critical at Ice Harbor Dam.
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9.5 Externa and Internal Examination

The personnel at the monitoring sites are performing a thorough and careful examination of adult
salmonids for external signs of GBT. If externa signs had been present, they would have been
observed and recorded. No internal examinations were performed.

The current monitoring program is not adequate to assess the impact of high dissolved gas
pressures on adults. In the SMP, internal signs were found in fish without external signs. The
same progression of signsis thought to occur in adults, although little hard information is available
for adult chinook salmon. While internal examination is desirable from a monitoring perspective, it
IS certainly not desirable from a population basis. Because of the current status of salmon on the
Columbia’and Snake rivers, it is likely that the trapping, anesthetization, and physical examination
of adultswill come under careful review and further restrictions.

Recommendations:  Better instrumentation (such as ultrasound methods) for the
detection of external and internal bubbles in adult fish are needed. Idedlly, these
methods could be apPI_led to free-swimming fish but hand-held units would be
useful for detection of internal bubbles in anesthetized adults.

Adults are also observed as they pass through the fish ladders. The detection of external bubbles
against adark fin on au anesthetized adult requires careful examination; on arapidly swimming
adult it is difficult, especially if the water is murkY. The observers have not been provided any
criteria. on what should be recorded as gas bubble trauma. While these observers are highly
skilled, any observations of external clinical signs of gas bubble trauma in the ladders are very
subjective and may vary significantly from observer to observer.

Recommendations: Until further information and training is provided, reporting
external aegns of gas bubble trauma from the ladder observations should be
discontinued. The recordln% of information on the physica condition of the
adults (injuries, head burns, fungus, etc.) should continue.

A lesion described as “head bums’ has been reported at Lower Granite. This lesion has been
described as aloss of skin (and underlying tissue% on the top of the head. The incidence of this
lesion appears to be related to the spill flows. The study team did not see any examples of this
lesion. Ms. Phyllis Barney (fish health specidist, U.S. Fish and Wildlife Service, Lower
Columbia River Fish Health Center) has not personally seen thislesion.

While this lesion could be a clinical sign of gas bubble disease, it might also be a result of net
damage or physical contact with hydraulic structures at the dams.

Recommendations. Until further information is available, “head burns’ should
not be classified as a clinical sign of gas bubble trauma. Since this lesion could

be lethal to adults., additional research is needed to clearly identify the cause(s),
development, and impact of this lesion.

9.6 Field Data Recording

No significant problems were found in data collection/recording procedures used at the sites.
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10.0 EVALUATION OF RESIDENT FISH/INVERTEBRATE MONITORING
PROGRAM

10.1 Location of Sites

The three resident fish/invertebrate sampling sites are below Ice Harbor, Priest Rapids, and
Bonneville dams. The highest total gas pressures typically occur below Ice Harbor and Priest

Rapids.
10.2 Vdlidity of Samples
As with any in-river monitoring program, the disuibution of fish within the river is not uniform

and fish must be caught where they occur. Sampling biases appear to be more serious below Ice
Harbor Dam due to poor lateral mixing across the river. There is not a simple solution to this

problem.
10.3 Speciesd/Origin of Fish

The species caught are representative of those which occur in the river. A significant number of
resident salmon fingerlings were caught below Priest Rapids and Bonneville dams.

10.4 Holding Procedures

No problems were found in holding procedures.

10.5 External and Interna Examination

The personnel are performing athorough and careful examination for external signs of GBT.
10.6 Field Data Recording

No significant problems were found in data collection/recording procedures used at the sites.

Recommendations: The monitoring of resident fish/invertebrates is critical to
fully understanding the impact of dissolved gas supersaturation on the overall
ecosystem of the Columbia and Snake rivers and should continue.
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11.0 EVALUATION OF DISSOLVED GAS MONITORING PROGRAM

In contrast to the biol o%ical monitoring program which started in 1994, the dissolved gas
monitoring program has been gBeran ng for at least 25 years. This monitoring program will be
evaluated in terms of the good laboratory practices discussed in Section 4.2.

11.1 Location of Sites

The location of the dissolved gas monitoring stations was presented in Table 6-1. There appears to
be au adequate number of monitoring sites to characterize the dissolved gas levelsin the Columbia
and Snake rivers. The conversion of the manual tailrace sites to automatic sites will further
increase the number of Stes available on a red-time basis.

11.2 Standard Operating Procedures (Gas Equipment and System Operation)

No written information was provided to the study team on Standard Operating Procedures for the
monitoring program or operation of the dissolved gas monitoring equipment. It is assumed that
this information does not exist.

None of the equipment used on the Columbia and Snake rivers is in compliance with the only
published standard method for determination of dissolved gas supersaturation (STANDARD
METHODS, 1989). This method requires a daily calibration of the instrument. Daily calibration
may not be needed for fixed stations, but the reasons for changed from an established standard
need to be clearly documented.

11.3 Accuracy and Calibration

No written information was provided to the study team on accuracy of dissolved gas equipment,
calibration procedures, and system performance. It is assumed that this information does not exist.

A small number of total gas pressure measuremerits were made during the site inspections. These
measurements were used to evaluate the amount of degassing that occurred in the smolt and adult
systems. No measurements were made to evaluate the accuracy of the dissolved gas monitoring
program conducted by the Corps of Engineers. All conclusions in this section are based solely on
examination of published data and therefore should be viewed as preliminary.

18.3.1 Daily Data Provided by Fish Passage Center

The daily data presented in “Daily Averages and Instantaneous High Total Dissolved Gas
Supersaturation (%) at Upper and Middle Columbia Stations’ }see Appendix D) was reviewed
For mlﬁ_SI ngb <|jata Over the period of 5/11/94 to 6/12/94, 21% of the daily data was missing
rom this table.

11.3.2 Daily Data Provided by Fish Passage Center for Redundant Stations

There are four sites with redundant (duplicate) gas sensing units: Ice Harbor, McNary (South),
The Dalles, and Warrendale. The data for these redundant sites was reviewed for the period of
3/11/94 to 6/12/94 (33 days) for missing data and Total Gas Pressures with > 3 percentage
oints from the reading at the primary stations. The amount of missing or invalid data for the
our stations is summarized in Table 11.1. Over the period of 5/11/94 to 6/12/94, 24 to 82%
of the data from the redundant stations was missing or invalid. The higher level of missing
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Table 11.1

Comparison of Missing Data and Invalid Data Based on Redundant Dissolved Gas
Instrumentation

Site Missing >3 Total Total
(#) percentage Unusable Unusable

points Data : Data

(#) #) (%)
Ice Harbor 18/33 0/33 18/33 24
McNary (South) 18/33 1/33 19/33 58
The Dalles 18/33 9/33 27/33 82
Warrendale 23/33 0/33 23/33 70

data for the redundant stations appears to be due to the fact that some of these redundant
stations had just been installed prior to the start of the spill and that not all the redundant data
may have been reported to the Fish Passage Center. Data reporting problems will be discussed
in more detail in the following section.

If the data from both the primarily and redundant station are considered together, the amount of
missing and invalid datais significantly reduced (Table 11.2) and ranges from 0 to 55%.

Table 11.2

Comparison of Missing Data and Invalid Data for the Four Stations Based on
Primary and Redundant Dissolved Gas Instrumentation

Ste Missing >3 Totd Total
(#) percentage Unusable Unusable
points Data Data
(# @ (%)
|ce Harbor 0/33 0/33 0/33 0
McNary (South) 0/33 1/33 1/33 3
TheDadles 9/33 9/33 18/33 55
Warrendale 0/33 0733 0/33 0
Bonneville Power Administration Page 43 Task 5 Report

Contract No. DE-AC79-93BP66208 October 18, 1994



Table 11.3
Incidence of Missing and Invalid Data Based on Hourly Data for Seven Daysl

6L

1

Total Gas Pressure Data Partial Pressure Data
Date Missing . Invalid Total Percent Missing Invalid Total Percent
Data Data Data Data
5/23/94 62 27 89 14 124 27 151 23
5/28/94 58 25 83 13 124 25 149 23
6/6/94 54 4 58 9 120 4 124 19
6/7/94 59 0 59 9 102 49 151 23
6/8/94 57 3 60 9 122 42 164 25
6/9/94 141 0 141 22 138 48 186 29
6/10/94 61 0 6l 9 110 72 182 28
Average 12 24

I Hood Park and Ice Harbor 3.2 mile (primary) do not have DO monitoring capability.




11.3.3 Hourly Vaues Provided by U.S. Army Corps of Engineers

Hourly output from the dissolved gas monitorin? program was obtained from the North
Pacific Division office of the U.S. Army Corps of Engineers for seven days. The data was
reviewed for missing and invalid data (Table 11.3). Over this 7 day period, 12% of the
total gas pressure and 24% of the oxygen data was unusable.

Some serious misunderstandings have occurred over the purpose of the redundant monitoring
stations. From the COE's perspective, the redundant stations were installed to ensure coverage at
critical stations. Therefore, as long as one of the two stations was on-line, the redundant
information was not needed.

During the period of 5/28/94 to 6/1 1/94, only information from one of the two units was (primary
or redundant station) reported to the Fish Passage Center. It appears that the unit with the highest

]Eotalhgas ressure was reported, although there does not appear to be any specific written criteria
or the selection.

Others agencies considered the purpose of the redundant stations was to provide information on the
precision of the whole monitoring program. Therefore, the lack of both the primary and redundant
data was considered as withholding of data and was viewed with great suspicion.

11.4 QA/QC Procedures

No written information was provided to the study team on QA/QC Procedures It is assumed that
thisinformation does not exist.

There is a perception among some of the agencies involved with the biological monitoring for gas
bubble trauma that the current dissolved gas monitoring program on the Columbia and Snake rivers
is inadequate for providing accurate information for managing spill releases. This perception is
based primarily on the following issues:

(1)  Thelack of Standard Operating Procedures for the dissolved gas monitoring
equipment.

(2)  Thelack of Standard Operating Procedures for the overall monitoring program.
(3)  Thelack of calibration information and system performance data.

(4)  Thelack of afunctioning QA/QC program.

(5) A dignificant amount of missing or invalid data (see Table 11.1 through 11.3).

(6) Wit_hr&oldi ng of data by the COE for the redundant stations during some of the spill
period.

The study team feels that there are serious problems with the current monitoring program. Review
of the hourly data for a seven day period showed that 24% of the DO data was invalid. Much of
the remaining DO (partial pressure) data was significantly less than saturation. This is probably
due to inadequate water velocity across the electrode face. While the DO data is not critical to.the
gas monitoring aProgram, the high percent of invalid data suggests that other more critica
parameters may also bein error.
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Recommendations: Information on the current level of accuracy and reliability of
the dissolved gas monitoring program on the Columbia and Snake rivers is not
available but may not be adequate for real-time management of the spill program.
Upgrading of the equipment, an improved routine maintenance program, written
protocols, and an_ghA/_QC program may be needed. Input on potential changes is
needed from the fisheries and regulatory agencies.

11.5 Data Distribution

The timely distribution of all the dissolved gas monitoring data is critical to the acceptance of the
whole monitoring program by all the states, federal, and tribal agencies.

Recommendations. Formal policies on data reduction, qualitg assurance, and
data distribution for the dissolved gas monitoring program must be developed and
distributed to all the agencies. These policies must be followed.

AP rather than TGP(%) is the preferred method for the reporting of dissolved gas supersaturation
(see Section 3.1). Current water quality criteria, standards, and regulations are written in terms of
TGP(%). The conversion from TGP(%) to AP will require the cooperation and consultation
between many tribd, dtate, and federd agencies.

Recommendations. Dissolved gas pressures should be reported in terms of AP
rather than TGP({%).
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12.0 EVALUATION OF DATA REDUCTION, QUALITY ASSURANCE, AND
DATA DISTRIBUTION

The Fish Passage Center is responsible for collection, preparation, and initial distribution of the
data from the Gas Bubble Trauma Monitoring Program. Data from the different sites and
programs is transmitted daily to the Fish Passage Center.

12.1 Data Reduction
On adaily basis, the following data tables are prepared:

Cover Sheet and Abbreviations

Lower Columbia River Smolt Monitoring Program Gas Bubble Symptoms
(external clinical signs)

Snake River Smolt Monitoring Program Gas Bubble Symptoms
(external clinical signs)

Smolt Monitoring Program Gas Bubble Symptoms from Separator Samples
(external clinical signs)

Smolt Monitoring Program Gas Bubble Symptoms - Lateral Line and Internal
Symptoms - Juvenile Hatchery Steelhead (external and internal clinical signs)

NMFS Gas Bubble Symptom Monitoring at FGE Sites (exrernal clinical signs)

NMFS Gas Bubble Symptom River Reach Monitoring Resident Fish Monitoring
(external clinical signs)

NMFS Gas Bubble Symptom Net Pen Studies (external and internal clinical
signs)

NMFS Gas Bubble Symptom Monitoring at Traps - Adult Salmonids - (external
clinical signs)

Total Gas Pressure - Daily Averages and |nstantaneous Highs

Total Gas Pressure - Average of- 12 highest Readings, 24 hour Averages, and
Highest Reading

Total Gas Pressure - Tailwater Instantaneous from manually deployed Probes

Each table includes only the most current 7 to 10 days data. The complete data for each summary
table is maintained on computer. The study team’s assessment of the Fish Passage Center
preparation of data summaries is that the procedures are correct and adequate for the purposes of
most parties interested in the data. The original data sheets (on each fish examined) are available
for review at the Fish Passage Center in Portland.

The study team heard concerns about inappropriate pooling of data from different observations.
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This may have occurred after the data were distributed to other individual and agencies. The Fish
Passage Center prepared a separate data summary tables for each separate type of observation.

12.2 Quality Assurance

A comparison between raw data sheets from the field and data summaries showed that there was
the occasional discrepancy between the two. However, these were obvious typographical errors
which were in most cases corrected in subsequent data summaries. Between different daily
summary tables for dissolved gas levels, some inconsistencies were noted in how invalid data was
flagged (* versus ---).

As discussed in Section 7.1.3, the incidence of GBT signs at McNary did not appear to be
consistence with the other monitoring sites and with what we know about development of GBT.
The basis for this anomaly is unknown at this time but could be related to the (a) impact of the
confluence of the Snake and Columbia rivers on smolt distribution, (b) differences in procedures,
or (c) operator bias. As the differences between McNary and the other sites persisted for weeks,
these differences should have triggered a site inspection. Routine inspections (and perhaps
unannounced random inspections) of the sites may be needed to ensure that data is being collected
in an uniform and accurate manner.

Recommendations. A quality assurance (QA) program must be developed and
implemented for the overall monitoring program including sampling, examination
of fish, data collection and processing, and data reporting.

12.3 Data Distribution

The study team heard concerns about delays in the distribution of data. The data summaries
presented in Appendix D are not what was provided to the agencies in real time. It was reported
that the data summaries for the smolts collected directly from the separators was not distributed
until June and the May data was not distributed at all. The study team was unable to clearly
document the time history of what data was distributed and what data (if any) was not distributed.
While there may be some differences of opinions of what actually happened, there is a perception
by some agencies that Fish Passage Center was withholding data.

The timely distribution of all the monitoring data is critical to the acceptance of the whole
monitoring program by all the states, federal, and tribal agencies. Currently, the data from this
rogramis available to interested individuals and agencies on a daily basis (by fax or modem).
he study team hopes that any potential problems with data distribution were a startup problem and
will not occur in the future.

Recommendations:  Formal policies on data reduction and data distribution must
]pe”devegloped and distributed to al the agencies. These policies must be
ollowed.

12.4 Reporting of Results

This datais being used for real-time operational control of spill releases, but it may have other
important historical uses. It isimportant to document the results from each year’s monitoring
program in a manner that this information will be available to interested people five or ten years
from now.

Recommendeation: The results from the various GBT and DGS monitoring
programs should be published yearly and distributed to agencies and libraries for
permanent archiving.
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13 .O IMPLEMENTATION OF STUDY TEAM RECOMMENDATIONS

The development and implementation of a revised monitoring plan for 1995 will require
considerable analysis, protocol development, a%ency coordination, agency review, agency
approvglgs, and personnel training. There is not much time to accomplish the required tasks prior to
May 1995.

The study team suggests the formation of a number of implementation teams for the 1995
monitoring program. These might include the following types of teams:

Table 13.1

Implementation Teams for the 1995 Monitoring Program

Team Responsibility

Program Development To develop the detailed sampling plan and
protocols

Training Training of staff and supervisors

QA/QC Establish a quality assurance program and
ensure that program is properly understood
and implemented

Recommendation: A number of implementation teams should be formed quickly
to develop and implement a revised monitoring program for 1995.

Consideration should be given to conducting experimental studies to define precisely and
quantitatively the signs of GBT which result from graded sub-acute levels of gas supersaturation
exposure and to define the relative susceptibilities of species and stocks of fish to GBT. These
studies are needed to provide validation and calibration. The studies could include an evaluation of
the susceptibility of affected fish to predation, disease resistance, and recovery from sub-acute
levels of GBT. Importantly, the studies would result in a more meaningful and sensitive
monitoring program and provide quantification to support standards for detection of GBT and
interpretation of signsin terms of potential survival of smolts. This, in turn, would provide a more
scientifically defensible basis for water management decisions. Such studies would also provide
training materia and monitoring standards for operators of monitoring programs.

The results of the smolt monitoring program should be integrated with the results of the dissolved
gas monitoring program. This should include an analysis of fish transit times between reservoirs
and assessments of the probable dissolved gas histories which fish have experienced during their
movement down the Columbia and Snake rivers.
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14.0 RECOMMENDATIONS AND CONCLUSIONS

Considering me speed at which the Gas Bubble Trauma Monitoring Program was implemented this
year, the Fish Passage Center and cooperating Federal, State, and Tribal Agencies have been doing
aincredible job. The following recommendations are made to help improve the Gas Bubble
Trauma Monitoring Program. The recommendations and conclusions from the previous six
sections are presented below:

14.1 Smolt Monitoring Program

1411

14.1.2

14.1.3

14.1.4

Location of Sites

The monitoring program should be expanded to include monitoring at Ice Harbor
Darn and at stes in the mid-Columbia River.

Validity of Samples

Fish samples should be collected from the forebay area of each monitoring site and
compared to fish from the smolt bypass system for signs of gas bubble trauma.
These samples would provide a comparison of the relative degrees of gas bubble
trauma severity between the two samples.

Fish samples should be collected downstream from the dam spillways of each
monitoring site and compared to fish from the smolt bypass system for signs of gas
bubble trauma. These samples would provide a comparison of the relative degrees
of gas bubble trauma severity between the two samples.

Species/Origin of Fish

Comparative studies should be conducted to establish the relative susceptibility of
the different species and stocks of anadromous fish in the Columbia and Snake
rivers to gas bubble trauma. The results of these studies would serve to validate the
monitoring based on hatchery steelhead. Additional information on the migration
characteristics of the different stocks (depth in water column, time of travel, length
of travel, etc.) may be needed to fully assess the gas supersaturation risk to these
different stocks as they migrate down the Columbia and Snake rivers.

The fish in the major hatcheries on the Columbia and Snake drainages should be
examined for signs of gas bubble trauma prior to release.

Holding Procedures

Provisions should be made to limit the holding of smolts to a maximum of 15
minutes (excluding anesthetizing time) before examination for signs begins.

The operation of juvenile collection and holding systems under high dissolved gas
levels needsto be fully understood and documented.
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14.15 Internd and External Examination

The smolt monitoring program should be reviewed in terms of the data
requirements and procedures which are needed to make the program statistically
valid. This should include a report which clearly defines the data needs, statistical
interpretations, and limitations.

Recommendation: The examination of the swimbladder for over-inflation, and
examination for bubbles in the kidneys and intestine should be deleted from the
monitoring program.

All external or internal examinations for gas bubble trauma which do not involve
microscopic examination should be eliminated. With current available information,
the monitoring Program for gas bubble trauma should be limited to external
examinations of the lateral line and fin rays of smolts using a compound
microscope. A numerical grading procedure for signs should be developed for
these two examinations.

Fish should be anesthetized in a buffered solution (pH = 7.5) of MS 222. This can
be accomplished with a mixture of two parts NaHCO3 to one part MS 222.

The first microscopic examination performed should be of the gill lamellae. As
soon as each lamella sample has been removed, the fish should be returned to a
bucket of water that is at the same temperature as reservoir water.

Primary lamellae from the gills should be excised by clipping the outer 3 to 5 mm of
the lamellae tips from the gill arches. There is no need to cut out any gill arches. A
numerical grading procedure should be developed for this type of examination. In
addition, the appearance of gas bubbles which should result'in a positive recording
need to be presented in the form of photographs or diagrams for the momtoring
operators.

The excised gill lamellae should be placed on a slide which has been cooled to the
temperature of the reservoir water. A 1/4” thick glass block or an equivalent
thickness of stacked slides should also be cooled to the temperature of the reservoir
water. The glass block or stack of slides should be placed on the microscope bed
first and the gill sample dlide placed on top.

14.1.6 Fied Data Recording

The field data sheets should be expanded to include fields for recording information
on externa signs of fungal infections, lesions, and abrasions.

14.1.7 Fish Passage Center - Preparation of Data Summaries

The database of the Fish Passage Center should be expanded to include fields for
information on any external signs of fungal infections, lesions, and abrasions.

14.2 Adult Monitoring Program

The adult monitoring program should be reviewed in terms of the data requirements
and procedures which are needed to make the program statistically vaid. ThiS
should include a report which clearly defines the data needs, statistical
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interpretations, and limitations.

Comparative studies should be conducted to establish the relative susceptibility of
adult salmonid species in the Columbia and Snake rivers to gas bubble trauma. The
results of these studies would serve to validate the monitoring based on hatcher
steelhead. It is likely that this work may have to be conducted on hatchery fi
obtained from outside the Columbia River Basin.

The operation of adult collection and holding systems under conditions of high
dissolved %%s levels needs to be fully understood and documented. This problem
appears to be especidly critica at lce Harbor Dam.

Better instrumentation (such as ulnasound methods) for the detection of external
and internal bubbles in adult fish are needed. Ideally, these methods could be
applied to free-swimming fish but hand-held units would be useful for detection of
internal bubbles in anesthetized adults.

Until further information or training is provided, reporting external signs of gas
bubble trauma from the ladder observations should be discontinued. The recording
of information on the physical condition of the adults (injuries, head burns, fungus,
etc.) should continue.

Until further information is available, “head burns’ should not be classified as a
clinical sign of gas bubble trauma. Since this lesion could be lethal to adults,
additional research is needed to clearly identify the cause(s), development, and
impact of this lesion.

14.3 Resident Fish

The monitoring of resident fish/invertebrates is critica to fully understanding the
impact of dissolved gas supersaturation on the overall ecosystem of the Columbia
and Snake rivers and should continue.

14.4 Dissolved Gas Monitoring

Information on the current level of accuracy and reliability of the dissolved gas
monitoring program on the Columbia and Snake riversis not available but may not
be adequate for real-time management of the spill program. Upgrading of the,
equipment, an improved routine maintenance program, written protocols, and an
QA/QC program may be needed. Input on potential changes is needed from the
fisheries and regulatory agencies.

Formal policies on data reduction, quality assurance, and data distribution for the

dissolved _ﬂqas monitoring program must be developed and distributed to all the
agencies. These policies must be followed.

- Dissolved gas pressures should be reported in terms of AP rather than TGP(%).
14.5 Data Reduction, Quality Assurance, and Data Distribution

Formal policies on data reduction and data distribution must be developed and
distributed to al the agencies. These policies must be followed

A quality assurance (QA) program must be developed and implemented for the
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overall monitoring program including sampling, examination of fish, data collection
and processing, and data reporting.

14.6 Reporting of Results

The results from the various GBT and DGS monitoring programs should be
published yearly and disiributed to agencies and libraries for permanent archiving.

14.7 Implementation

A number of implementation teams should be formed quickly to develop and
implement a revised monitoring program for 1995.

\
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APPENDIX A SITE INSPECTIONS FORMS



Comments
Total gas pressures were measured with a Sweeney Saturometer Model DS1-A. Since only
asingle unit was available, it was not possible to measure dissolved gaslevels at al the
siteson June 8 and 9, 1994, when the study team split up into two groups.

When it was not possible to measure the forebay gaslevels, gas levels were obtained from
the hourly values from the U.S. Corps of Engineers monitoring program.
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Ste BonnevilleDam

Date: May 7, 1994
Liiestage: Smolts
Parameter Value/Description
Collection System Open channel to migrate trap
Sampling Location Directly from the separator
Sampling Interval Once an hour
Holding interval
24 hour sample N/A o
Trap sample Currently within 1 how, previously up to 4
hours
AP (mm Hg)
Forebay
Holding Tank 66
Examination Tank %2—26
7
External Examination (only) 100% of smolts are examined

Internal/Extemal Examination

30 haichery steethead fish every other day

Commernts

Fish killed in unbuffered anesthesia during
previous visit.

Fish killed by blow to head on this visit.
Fish to be examined are left out of water
between laterd line examination and gill
filament examination.
Gill filament removed from excised gill ach

| and placed on warm slide.

A very careful and thorongh examination
for bubbles.
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Ste BonnevilleDam

Date: May 7.1994
Lifestage: Adults
Parameter Value/Description
Collection System North side of Power House 1
Sampling Location From existing adult sampling unit
Sampling Interval As they arrive
Holdi n% Interval
4 hour sample
Separator  sample N/A
Unknown
AP (mm Hg)
Forebay
Holding Tank 66
Examination Tank Not measured
Not me&red
Externa  Examination (only) Vey careful and thorough examinaion
Internal/External  Examination None
Comments
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Site; John Day Dam

Date: May 7,1994
Lifestage: Smolt
Parameter Valug/ DeCription
Collection System Air lift pump from a single gate well
Sampling Location Frc "¢ gatewell tank
Sampling Interval Once an hour
Holding interval
24 hour sample
Gatewdl Tank N/A
Up to an hour
AP (mm Hg)
Forebay
Holding Tank 33 (USCOE)
Examination Tank 77 (from the moveable tank)
30
Externa  Examinaion (only) 100% of smolt are examined
Internal/External Examination
30 hatchery steelhead fish every other day
Comments Fisn killed In unbuftered M S222.
Fish to be examined are left out of water
between laterd line examination and gill
filament examination.
Gill filament removed from excised gill arch
and placed on warm dlide.
Kidney examined before gill examination.
A very careful and thorough examination
for bubbles.
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Site: |ce Harbor Dam

Date: May 8, 1994
Lifestage: Adults
Parameter Value/Description
Collecton System Fish ladder
Sampling Location Top of fish ladder
Trap must be lifted up onto the dam and
fish transferred to transport tank; fish are
transported 2 miles up stream, examined,
and released
Holding water comes directly from the
forebay
Sampling Interval 5 days a week; up to 6 hours/day
Holding mnterval
24 hour sample
Trap N/A
Up to 6 hours in trap; 30-60 minutes in
transport tank
AP (mm Hg)
Forebay
Holding Tank 43 (USCOE hourly data)
Examination Tank 56
N/A

External Examination (only)

Collect up to 10% of the number of fish
passing the previous day; do not examine
wild fish

Inter& Externa Examination

None

Comments

Very careful and thorough examination
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Examination Tank

Site: Lower Monumental Dam
Date: May 9, 1994
Lifestage: Smalts
Parameter Value/Description
CollectionSystem Open channel to separator
Sampling Location Diitly from separator
Sampling Interval Twice daly
Holdulg "Interval
24 hour sample 24 hours
Separator sample 2 hours or less
AP (mm Hg)
Forebay
Holding Tank 2 - (USCOE hourly data)

29
20

External Examinaion (only)

100 smolis of each species are examined
twice each day

Internal/ExternalExamination 15 haichery sieglhead are examined twice
each day.
Comments Fish killed with unboftered solution of

MS222.

Fish to be examined are |eft out of water
between laterd line examination and gill
filament examination.

Gill lamellaremoved from excised gill arch
and placed on warm dlide.

Lateral line peel performed under water.

A very careful and thorough examination

1 for bubbles.
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Ste Little Goose Dam

Date: May 9, 1994
Lifestage: Smolts
Parameter Value/Description
CollectSvsiem Open channgl to Separator
Sampling Location Directly from separator
Sampling Interval Twice daly
Holding interval

24 hour sample

Gaewdl Tank 24 hours

1.5 hours or less

AP (mm Hg)

Forebay

Holding Tank 31 (USCOE hourly data)

Examination Tank 112

Externa Examination (only)

100 smolts of each species are examined
twice each day

Intemal/Extemal Examination

55 hatchery steelhead are examined twice a
ay

Ccomments

Fisn killed with unbutfered solution of
MS222.

Fish to be examined are left out of water
between laterd line examination and gill
filament examination.

Gill primary lamellatips removed from
excised gill arch and placed on warm dlide.
Lateral line peel performed under water.

A very careful and thorough examination
for bubbles.
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Ste Lower Granite Dam

Date: May 9, 1994
Lifestage: Adults
Parameter Value/Description

Collection System

Fish Tadder; operated 8-16 hours/day
depending on run size

Sampling Location

Trap at top or Tisn ladder; Tish must be
netted and lifted into MS-222 tank; trapis
being replaced

Sampling Interval Trap operated continuously
Holding interval
24 hour sample N/A

Trap Variable, ranging from immediate to over-
night holding
AP (mm Hg)
Forebay
Holding Tank -6 (USCOE hourly data)
Examination Tank Not Avalable
Not Avalable
External_Examination _(only) None

Internal/External  Examination

Examine all fish with coded wire tags

Comments

Fisn Killed with unburfered solution of
MS222.

Fish to be examined are left out of water
between laterdl line examination and gill
filament examination.

Gill primary lamella tips removed from
excised gill arch and placed on warm dslide.
Lateral Ilneez!goeel performed under water.

A very careful and thorough examination
for bubbles.
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Site: McNary Dam

Date: May 10, 1994

Lifestage: Smolts

Parameter Value/Description

Collection  System New smolt collection system
Sampling Location From the collection tank for normal

monitoring program o
From the separator for the GBT monitoring

sampling Interval

FHshTor the GBT examination are collected
twice a day

Holding Interval
24 hour sample
Separator  sample Up to 24 hours
15-20 minutes; holding prior to
examination may range from immediate to
several hours
AP (mm Hg)
Forebay
Separator 84 (USCOE hourly data)
Examination Tank gg

Externa Examination (only)

Everyday; all fish from normal monitoring
program

Interna/External Examination

50 hatchery steelhead fish for extemnal
examination every day

30 hatchery steelhead fish for internal
examination every other day

Comments

Fish killed with unbuttered solution of
MS222,

Fish to be examined are |ft out of water
between laterd line examination and gill
filament examination.

Gill primary lamella are removed from
excised gill arch and placed on warm dlide.
Laterl line ped performed out of water
without microscope.

Data collection procedures differed from
standard protocols.
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______

Nor t hwest Regi on

7600 Sand Point Way N E.°
BIN C 5700 Bldg. 1
Seattle, Wshington 99115

May 20, 2994

M. Mchael Downs, Adm nistrator
water Quality Division

tate of Qregon .

Department of Environmental Quality
811 SW Sixth Avenue

Portland, Oregon 97204

M. Mchael T. LLewelyn

Vater Quality Program Director
Washi nton Departnent of Ecol ogy
PQ Box 47600

Qunpia, WA 98504- 7600

xr M. Downs and M. LLewel yn:

Enclosed is the National Marine Fisheries Service's, revised Gas
Bubble Di sease Monitoring and Managenent Program Plan for the
1994 spring. This plan supersedes the previous plan sent to
your respective offices on May 20 and May 26 and includes all
revisions requested by your agencies and other interested
parties.

Insumary, these revisions include a shift of total dissolved
ges managenent fromfarebay mnonitoring |locations to tailrace
monitoring |locations, rationale for the five and two percent
triggers, a mechanismfor reducing gas |levels by five percent
increnents if the spill reduction is warranted, the inclusion of
Three Mle Dam Umatilla River adult nonitoring, and a synopsis
of the reporti n% and deci si on nmaki ng process including the.
addition of a third party scientific review panel to review
nonitoring nethods and results and a nodification of the bi-
weekly Operations Goup meetings to conference calls and one
Vdnesday neeti ng.

Thetwo points of contact for questions regardi n]g__ the plan
cotinue to be: Dr. Steve G abowski, Northwest Fisheries Science
center, Seattle, (206)860-3292, for technical aspects of the
nonitoring programand Gary Fredricks, Environmental and

Technical Services Division, Portland, (503)230-5454, for issues
regarding inplenentati on of the managenent program

Thank you for your cooperation and assistance in review ng and
inplenenting this program W look forward to working with your
respective agencies on future water quality issues affecting
anadr omous fishery resources in Oregon and Washi ngton rivers.
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NATI ONAL MARI NE FI SEERI ES SERVI CE
GAS BUBBLE DI SEASE MONI TORI NG AND MANAGEMENT PROGRAM

1.0 |Introduotion

A special spill operation started, 12 May at Col umbi a and

Snake Ri ver hydrapower projects and is to continue through

20 June 1994. Effects of spill w | beval uated in-season on a

Dai | yi basis. Conference calls wll occur on Tuesdays and
Thursdays each weak at 1:00 pmto discuss the effects of spill.
These calls will include technical representatives fromthe _
Nat i onal Marine Fisheries Service (NWS), US. Fish and Wldlife
Service (FW5), O egon Departnent_ of Environnental Quality (DEQ,
and Washi ngt on Departnent of Ecol 0,5?3/ (DCE), U S A Cor ps of
Engi neers  (COE), Bonneville Power mnistration (BPA), and the
state and tribal fishery agencies. At weekly meetings
(Wednesday). or on an energency basis, decisions to continue or
adjust spill will be nmadée by the Cperations Goup with the
concurrence of the NWMFS, DEQ and DCE. The decisians wll be
based on the results of biological and physical nonitoring using
the criteria described below

The current managenent action calls for: 1) spill levels
necessary to pass 80% of the daily average juvenile mgrants
t hrough non-turbine routes (spill, bypass, and sl uiceway) at

Bonnevi |l e John Day, MNary, Lower Mnunental, Little Goose, and
Lower Ganite Dans, and the previously agreed upon upper limts
of 40% of average daily flow at The Dalles Dam and 25 kcfs at Ice

Harbor Dam and 2) dissolved gas |evels up to, but not to exceed,
20% of saturation for total dissolved gas (TDG. The incidence
of GBD in mgrant salnonids and the maxi mum | evel of TDG neasure?
downstream from each hydroelectrio project will deternine the
necessity for adjusting spill Ievels.

2.0 Dissolved Gas Mbnitoring

The U.S. Arny Corps of Engineers (COE) will be responsible
for measuring and reporting concentrations of TDG in water at

about 22 locations on the Colunbia and Snake Rivers as descri bed
in the Dissolved Gas Monitoring Plan of Action of the 1994 Fish
Passage Pl an, and referenced in NWS's 1994-98 Federal Col unbia

Ri ver Hydrosystem Qperation Biological Qpinion. It is crucial
that the nonitoring instrunents and tel emetry equi pnent be
mai nt ai ned adequately and that the data be entered onto the
Col unbi a River Qperational Hydronet Managenent System (CROHVS)

1
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systemin a timely manner during this spill program Dissolved
gas nmonitoring instrunentation will be checked and calibrated

regularly, as required.
2.1 Locations and Frequency of Monitoring

The U. S. Corps of Engineers, North Pacific D vision has

established di ssol ved grzlas monitoring sites at forebays of all
mai nstem Col unbi a and | ower Snake River Dans. In addition there
ae nonitoring systenmsdownstream from Dworshak, |ce Harbor,
Priest Rapids, and Bonneville Dans and at Warrendal e, O egon

River M le (RM) 141), at Skamania, WAshi ngton (RM 141), at

shougal,  Washington (RN 121), at Xalama, Washington (RM 75),
and at Wauna, Oregon (RM 42). Additional nonitors are |ocated
downstream from spil l ways at Lower Granite, Little Goose, Lower
Monunent al | and McNary Dans; data fromthese nonitors nust be
down-1 oaded manual |y after 2-, 3-, or 4-~day intervals. Also,
intermttent nonitoring is being conducted by CCE personnel
downstream from spi |l | ways at John Day, The Dalles, and Bonnevill¢
Dans (see Appendix A). Dissolved gas |evels are recorded hourly.

!
2.2 Measurenment Technique

Total dissolved gas concentrations in water will be measured
using Conmon  Sensing, Inc. "tensioneters," state of the art
dissolved gas nonitoring devices. Data fromforebay nonitoring
stations are transmtted by satellite to the CROHVS dat abase,
ng\,nll oaded data fromtailrace data |loggers will be provided

aily.

2.3 Quality Assurance/ Quality/Control

The CCE technical staff will evaluate daily dissolved gas

measurements in relation to nodel expectations based on spill to
total flow relationships devel oped through 28 years of data
accunul ati on. Repair and replacenent of nonitoring instrunents

wll be made within 48 hours of an identified need. The CCE has
a permanent staff and contractors dedicated to oversight and
nmai nt enance of the dissolved gas nmonitoring system

3.0 Bologica Moni toring Program

The biological nonitoring program wll include assessnents
of the prevalence of signs of GBD in mgrating juvenile and adult
sal nonids, and in resident biota.

Sal monid Monitoring

Juvenile salnmonids will be routinely nonitored for signs of
@&BD as part of the Smlt Mnitoring Program (see Appendix B), in
association with ongoing fish 'guidance efficiency (FGE) research

2



and in river reach and cage studies conducted by the NMFS. Adult
salmon will be monitored for signs of GBD as they ascend fish
| adders at sel ected Snake and Col unbia Ri ver dans.

3.1.1 Snolt Mbonitoring Program

The Fish Passage Center (FPC) conducts a systemw de
juvenile salnmonid snolt nonitoring program (SMP) on the Snake and
Colunbia rivers. The FPC is responsible for maintaining
extensive historical and real-tine data bases of' physical and
bi ol ogi cal data pertaining to the mgration. Under the guidance
of the FPC the SMP crews have incorporated an additional el ement
and wi |l conduct gas bubble disease nonitoring at seven dams -
Lover Ganite, Little Goose, Lower Mnunental,. Rock Island,
MNary, John Day and Bonneville.

At Rock Island and Lower G anite Dam sanpling for gas bubble
di sease evaluation is conductsd 3 tines per week. Al other
sites conduct sanpling daily, One hundred or nore fish of each
species are sanpled at each project. At Lower Ganite, Little
Qose, Lower Monunental and McNary dans (col |l ector dans) and Rock
Island sanpl es are coll ected over a 24 hour period for evaluatior
each norning. Presently, an additional 100 hatchery chi nook and
100 hatchery steel head are collected as the fish egress fromthe

bypass conduit, i.e. no holding prior to assessnent. The sanples
are collected twice daily (12 hour increnents) wthso hatchery
steel head and 50 hatchery chinook collected in the nmorning; and
the sanple repeated in the evening. The crews will observe for
external signs of GBD.

. At John Day Dam fish are sanpled hourly fromthe gatewell
via an airlift collector, and at Bonneville Dam fish are
collected several tines per hour via an inclined screen sanpler
lowered i nto the bypass channel. Fish observed for GBD are taker
directly fromthese sanples.

Presently, 30 hatchery steelhead (fromthe 100 fish sanple)
are being sacrificed on alternate days for m croscopic

eval uation. The SWP crews have been trained by U S. Fish and
Wldlife Service staff,

~ Mnitoring of live fish will include assessnent of external
signsof GBD primarily subcutaneous dermal enphysema on each
fin, ~ opercula, eye, and within the bucca cavity.

A subsanple of 30 hatchery rel eased steelhead will be
acrificed at Little Goose, Lower Mnunental, McNary, John Day
ad Bonneville dans on alternate days for mcroscopic
exam nati on. As with live fish, external GBD signs wll be
docunented, in addition to examnation of the lateral |ine, under
a dissecting m croscope. Mcroscopic internal exam nations wl|
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i ncl ude observations, of the lateral line, gill arches, gill

filaments, heart, sw m bladder, and kidneys.
3.1.2 Fish Guidance Efficiency Studies

ongoi ng research by NWVFS to eval uate fish gui dance, _
efficiencies O turbine intake screens provides the opportunity
to obtain daily sanples of juvenile sal nonids for GBD assessnent
at Little Goose, McNary The Dalles, and Bonneville dans.
On each evening that FGE r' esearcli is conducted, a sanple of up to
100 fish of each salnonid species will be exam ned for external
signs of BD. A subsanple of 10 fish per species will be
anest heti zed and exam ned under a dissecting mcroscope for
presence of lateral |ine bubbles.

In addition, 10 fish of each species collected in fyke nets
(only if fa/ke nets are used as a part of daily FGE research) wll
be exam ned for internal signs of GBD.

3.1.3 In Situ Holding Experinents

NV researchers are holding juvenile chinook salnon in pens
downstream from | ce Harbor and Bonneville Dans to study
progression of GBD signs and nortality relative, to anbient
concentrations of gas, and to provide sugpl enentary data to the
snmolt Monitoring Program (see Appendix C).

At weekly intervals throughout the loeriod of spill, groups
100 subyearling fall chinook salnmon will be transported from
Bonnevill e Hatchery to holding pens in the river below |Ice Harbor
and Bonneville Dans. These test fish are divided into three
different groups. Oneis held in 4-m deep pens allow ng
unrestricted vertical novenent/another in cages with depth
restricted to Ol m and the third 'in cages with depth restricted
to 2-3 m At the end of 4-day hol ding periods, visual
examnations are nmade for external signs of GBD, docunentingthe
presence of bubbles on or in fins, opercula, eyes, and buccal
cavity. Subsampl es of 10 fish from each ?roup are exam ned under
a dissecting m croscope to assess lateral [ine bubbles.
Mrtalities are necropsied to assess internal signs of GBD.

1.4 Adult Monitoring

Adult salmon mgrating upstream will be sanpled in the fish
| adders at Bonneville, |ce Harbor, and Lower G anite Dans.

1.4.1 Bonneville Dam

The ongoing Pacific Salnon Treaty research on stock
identification and scale pattern assessnent for adult chinook and
sockeye sal mon conducted by the Colunbia River Inter-Tribal Fish
Comm ssi on has been extended to accommodate assessnent for

4
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effects of spill and high dissolved gas concentrati ons on adult
sal monids (effective date 20 Way).

Eval uations will be conducted on adult sal nonids entering
thetrap in the north shore fish | adder of Bonneville Dam
intercepted fish will be anesthetized and exam ned visually for
external signs of GBD. Follow ng recovery, fish will be rel ease
backto the fish | adder.

Sampling will be conducted on a 3 days per week basis, 6 to
8 hours per day. Wth the given sanpling rate, the expectation
is to intercept from3.1 to 4.2% of the adult sal nonids passing
Bonneville Dam wth daily catches ranging from30 to 90 fish.

31.4.2 I ce Harbor Dam

Sampling of adult mgrant salnonids will be conducted using
atrgp in the south shore fish ladder. This trapping facility
was originally intended for a radio-tracking study which has bee
suspended due to | ow nunbers of returning spring/summer chinook
salnon.  However, the trap can be used to make cruci al
observations on adult sal nmon regardi ng the preval ence of signs o
@BDafter they have mgrated through the |ower Colunmbia R ver an
entered the Snake River. Subject to ESA permt nodifications, i
is anticipated that this sampling will begin 20 Muy.

Eval uations for GBD will be nmade by gross' observation
through a window in the trap or, when necessary, by closer
exam nationof anesthetized fish. It is unlikely that gross
observations in the trap will provide the necessar?/ resol ution;
t heref ore, based on researcher discretion, fish will be renoved
fromthe ladder in the trap transfer container, anesthetised, an
cosedy exam ned for external signs of GBD. Al fish handled i
this manner will be transported approxi mately one-half mle
upstream fromthe dam allowed to recover and rel eased.

Sanpling will be conducted 5 days per week with a maxi mum
sanpl e of 24 fish per day or 10% of the fish passage count for
| ce Harbor Dam on the previous day, whichever is |ower.
electioncriteria enphasis will be on snaller 2-ocean fish
(generally 79 cmor smaller) and 3-ooean fish marked with ventral
or adi pose fin clip.

3143 Three Mle Dam (Umatilla River)

As a part of ongoing traBgi ng operations conducted by the
Uratilla Tribe at Three Mle Dam adult salnmonids will be

exam ned for external signs of GBD. Trapping at Three M| e Dam
Is conducted so that adult migrants can be enunerated and trucked
above upstreamdiversion dans'. cl ose exam nation of anesthetized
adult salnmonids will be possible during normal trapping and
transportation operations.
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Lower Granite Dam

As a part of ongoing transportation research, adult fish
passi ng Lower are routineluy trapped, anesthetized,
exam ned for marks and any gross physical conditions. For
duration of the spill Program trapped adult salnonids wll
anest heti zed and exam ned for external signs of GBD. After
recovery from the anesthetic, adults will be returned to the
| adder to continue their mgration. The trap is operated about
hours per day and 7 days per week; overall sanpling rate is
about 10% of fish passing Lower G anite Dam

Moni toring Resident Biota
River Sampling & In situ Hol ding

“When spill is occurring, weekly surveys for preval ence of
GBD in resident fish' and invertebrates will be conducted
downstream from Pri est Rapids, |ce Harbor, and Bonneville Dams.

Three or nore sanpling sites will be nonitored w thin each
of the three river reaches; in the |lower Snake River, md-
Col unmbia, and lower Colunbia River. At each site, up to 100
individuals of each resident or non-sal nonid species will be
examned for-signs of GBD. In addition, fromeach weekly survey,
p to 100 individuals of each resident or non-sal nonid species
wll be held for 4 days in anbient river water with one-half of
the i ndi viduals held 1n shallow pens and one-half in deep pens.
Survival rates and GBD incidence of sanpled individuals held in
net pens in each river reach will be conpared to preval ence of.
GED observed in resident fish collected in-river.

3.2.2 Reservoir Sanpling
3.2.2.1 Littl e Goose Reservoir Electrofishing.

Sanpling to capture northern squawfish for radio-tracking
downstream from Lower G anite Dam conducted by University of
ldaho wi I | be expanded to include eval uation of GBD signs of fish
capt ured pendi ng ESA permt approval). Northern squawfi sh
capt ured uring rntermttent sanpling throughout May and June
will be exam ned for external signs of GBD. Prevalence and
severity of inpacts wll be eval uated.

3.2.2.2John Day Reservoir Beach Seining

Resident fish sanpled in John Day Reservoir for a
|'i mol ogi cal study of the effects of drawdown onreservoir
ecology will be examned for signs of GBD. Sanpling wll be
conducted bi-weekly through the spill season.



JUN-D05-1954 15128 NMFS PORTLAND, DOREGOM TE32585455  PLOES-O11

4.0 Reporting

Results of nonitoring and research activities will be
conpiled daily by COE, FPC, and NMFS; FPC will conpile the
infornation into an agreed format and provide it to NVFS on a
daily basis for official distribution to the Qperations G oup,
DEQ DCE and all other interested parties. This information wll
be distributed via FAX by NVFS prior to 4.00 pm each worki ng day.
included WIIl be 1) average and maxi num TDG | evel s for forebay
andtailraces of each mainstem dam and river |ocations downstream
from Bonneville Dam 2) sanple size and incidence of external
signs of GBD am)n? juvenile and adult sal nonids sanpled at each
dam and those collected in conjunction with other ongoing
research, and 3) internal and lateral line data as they becone
avail able (fish are assessed for internal and lateral |ine signs
very ot her day).

On Tuesdays and Thursdays of each week, a Spill Monitoring
Review G oup consisting of technical representatives of NWS
USFW5, BPA, and COE will meet (via conference call)to review
noni toring data, discuss interpretation of the data and nake.
recommendations regarding necessary changes in spill. The
results of these reviews will be included as a meno attached to

the NMFS Thursday daily report.

Action Level s
Tot al Di ssolved Gas Concentrati ons

Spill will be reduced at upriver dans when the 12 hour
average TDG concentration exceeds 120% of saturation (or other
est abl i shed Iin‘it? in the tailrace of any Snake or Col unbia River
Dam  Average tailrace concentrations of dissolved gas wll be
cal cul ated using the 12 highest hourly measurements per cal endar
day. The use of 12-hour averages,, rather than 24-hour averages,
is an attenpt to set a nore conservative standard, and to relate
he measured concentrations of dissolved gas to the 12-hour spill

cl es. The monitoring |ocations were changed to the tailrace at
the request of the state water quality agencies, despite NWFS
concerns that tailrace neasurenents mght not provide _
representative data. Measurenment of dissolved gas concentration
made in tailrace locations inmediately downstream froma dam can
be extremely variable, depending on their locations relative to
the spillway or powerhouse. Biologically, the npbst useful
neasurement woul d be at a location after Power house and spillway
waters have m xed, since this is the "block" of water to which
mgrating fish are largely exposed. Since concentrations of
dissolved gases remain relatively stable as a nass of water noves
downstream t hrough the reservoir of the next dam NWS position
that the forebay measurenment at that next dam should provide a
representative val ue.
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If signs of GBD warrant a change in spill and associated
di ssolved gas levels, tailrace gas level readings should be
changed in increments determned by the spill Mnitoring Review
group. The CCE will determ ne necessary initial spill
adjustnents through nodel predictions based on spill-to-total-
flow rel ationships. Spill and gas levels can then be adjusted
based on field data.

5.2 Preval ence of GBD

The volune of spilled water will be reduced at upriver dams
when external signs of GBD exceed the follow ng action levels:
5% in juvenile salnmonids and/or 2% in adult salnonids at any
| ocati on If at any time GBD detected through lateral |ine and
I nternal exam nation exceeds the above action' levels at two
consecutive projects in any daily sanpling period, or any unusual
or unexpected events occur which woul d negatively inpact survival
of mgrant salnonids, spill levels at upstream projects wll be
reassessed by the Spill Mnitoring Review G oup described in
section 4.0 above. The decision to alter spill, including the
| ocations and nagni tude of change, wll be nmade by NWVFS after
di scussion with the Spill Mnitoring Review Goup and the
Qperations G oup, including the DEQ and DCE.

The 5% limt for external GBD signs is a determ nation based
m the collective professional judgements of NWFS staff. |t has
been observed that in past NVFS studies significant nortality did
not occur until external GBD signs, were evident in greater than 5
percent of the test animals. The NWFS staff, therefore, felt
that a limt of 5% was conservative and would not result in
significant direct nortality. due to GBD.

The 2% limt for exterior @BD signs on adult salnonids is
based on a no-harm standard. Since sanple rates at the various
adult nonitoring stations is not expected to exceed 50 fish, one
fish exhibiting GBD signs would trigger a change in spill and
associ ated di ssol ved gas |evels (2% of 50).

6.0 Quality Assurance/ Quality Control

NMFS wi || be responsible for oversight of the GBD nonitoring
program during the period of increased spill. Continuing
assessnment of the study design and monitoring programfor GBD in
mgrating juvenile and adult salnonids, as well as in resident
fish and invertebrate species, will be by the Operations G oup,
NVFS technical staff, and Dr. John Colt, an independent regianal
exf)ert in dissolved gas research. NWFS and FPC technical 'staff
wll routinely conduct on-site review of sanpling and nonitoring
protocols. Any problemw Il be inmediately corrected by NWS,
wth participation fromthe cooperating agencies.
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In addition, a panel of scientists in the field of dissolved
gas research will he assenbled by NMFS with concurrence of the
cooperating agencies, These experts will be consulted on issues

regarding quality and interpretation of the nonitoring data and
planning of future GBD research.

The CCE technical staff wll evaluate dai IE\; di ssol ved gas
measurenents in relation to nodel expectations based on spill-to-

total -flow rel ati onshi ps devel oped through 28 years of data
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FISH PASSAGE CENTER

2501 SW. FIRST AVE.  SUITE 230 . PORTLAND, OR 97Z0I-4752
PHONE (503) 230-4099 . FAX (503) 230-7559

MEMORANDUM

DATE: June 13, 1994

TO: FFAC

FROM: Michele DeHart

RE: Dissolved gas and gas bubble symptom data collection and distribution

The Fish Passage Center is serving as the central data repository for information collected on
dissolved gas supersaturation and gas bubble trauma symptom observations in juvenile and adult fish in
the Columbia River Basin. The bulk of this information is summarized daily and distributed to interested
parties (see attachment 1). In addition, a descriptive report of lateral line and internal examination results
is prepared weekly (see attachment 2). This memo will describe each component of the data that is
collected and reported: how it is collected, wbere it comes from, what the format is and how it is
compiled.

Smolt Monitoring Program data

Three categories of information are collected a Smolt Monitoring Projects:

1. Regular inspection of & portion of the dailly sample for external evidence of Gas Bubble Trauma
(GBT) is conducted at Lower Granite, Little Goose, Lower Monumental, McNary, John Day and
Bonneville dams. See attachment 3 for a description of the protocol and a sample data sheet. This
information is transmitted daily aong with the daily sample data by modem to our JBM System/36
minicomputer (S/36) (see attachment 4 for a sample printout). The raw data sheets are faxed or
mailed weekly. This type of sampling and data collection was also conducted in 1993.

2. Asnoted in the protocol (attachment 3), at Little Goose, Lower Monumental and McNary dams,
samples are additionally taken at the separator. The data are recorded and transmitted identicaly to
the regular external observation data, with the notation that the observations were from the separator
sample.

3. The third component consists of microscopic examination and dissection every other day of 30
sacrificed hatchery steelhead at all monitoring Sites mentioned in 1) with the exception of Lower
Granite Darn. 1994 is the first year for this component. Attachment 5 describes the protocol and
shows sample data sheets. Since this component is new and involved extra training and personnel,
there have been inconsistencies as the protocol was being developed and revised. Attachment 6
contains reports on the training trips for Smolt Monitoring personnel. Attachment 7 describes some
of the major developments as the sampling progressed. Thisinformation is transmitted asit is
collected as described in attachment 8. The numbers are summarized three times a week and included
with the daily report, and a detailed descriptive summary is compiled weekly, as mentioned above.




National Marine Fisheries Service {(NMFS) data

There are four categories of data collected and sent to us by NMFS on a daily basis. Observations
from fish collected for FGE studies, observations from fish captured in the river reaches below Priest
Rapids, Ice Harbor and Bonneville dams, results. from the net pen studies in the same locations, and
observations from adult trapping. All of this information except the net pen results are faxed to us daily
(attachment 9); the net pen data are faxed separately (attachment 10). In addition, we have asked that
those trapping adults on the maingem Columbia and Snake report their observations to us directly (see
attachment  11). Attachment 12 describes al ongoing adult trapping efforts.

Total Dissolv G ration

All dissolved gas data is collected and made available by the US Amry Corps of Engineers (Corps).
Most dissolved gas monitoring data is transmitted directly via satellite to the Corps Reservoir Control
Center (RCC) where it is put on a public access data system (the CROHMS system). We download this
data daily via modem (see attachment 13 for a sample of the data format). This year the Corps ingtalled
redundant monitors at the downstream Ice Harbor, McNary-Oregon, The Dalles and Warrendale stations.
Data from these stations has been intermittently available to us. There are severa other stations that are
not connected to this system and must be manualy downloaded by the Corps Walla Walla district, who
send the information to RCC, who then forwards the information to us. The manualy downloaded
dations are located in the tailwaters of Lower Granite, Little Goose, Lower Monumenta and McNary
dams (see attachment 14 for the data format). Also, the Corps is taking point readings with manualy
deployed probes below John Day, The Ddles and Bonneville dams (see attachment 15 for sample data).
The station data is collected hourly. We compile the dam from the various sources and compute daily
averages, daily maximums and averages of the twelve highest readings in each 24 hour period.

attachments

500-94.1ab



FISH PASSAGE CENTER

2501 SW. FIRST AVE. « SUITE 230+ PORTLAND, OR 97201-4752
PHONE (503) 230-4099 FAX (503) 230-7559

MEMORANDUM

DATE: June 10, 1994

TO: Interested Parties

FROM: Michele DeHart, FPC

RE: Daily Dissolved Gas and Biologica Monitoring Data - PLEASE NOTE:

Attached is the daily monitoring information. The following points should be considered in utiliiing

this information. Please cdl if you have any questions regarding this information.

The dissolved gas data from redundant sitesis being collected on a daily basis by the COE. The
COE has decided not to provide the data. The Stuation is being discussed.

Severd modifications of sampling technique have occurred which have been refleted in the incidence
of bubbles, specificaly, June 2 a Boaneville Dam and June 6 a John Day Darn.

The externa incidence of gas bubbles is documented on the basis of examination of a large number
of fish a each Ste. The sample numbers are adequate to detect signs of GBT and mogt Sites monitor
more fish than required.

The laterd line microscopic monitoring is conducted three times a week . A sample of 30 hatchery
stedhead are sacrificed for the examination three times a week.* The laterd line is observed in a two
step process, including an examination of the intact latera line with a dissecting scope (latera line
external), and an examination of the laterd line after the skin is peeled back (laterd line internd).

The lateral line microscopic and interna examinations record adl symptoms. There is no indication
of severity in this data. Thus far al symptoms are classified as minor, that is few bubbles.

The laterd line bubbles are not indicative of direct mortaity or morbidity. In addition, the relaion
of exhibited lateral line bubbles to nitrogen supersaturation isnot clear. The Nationd Marine
Fisheries Service has convened a pandl to assess this information.

Samples of steethead Were sacrificed a Lower Granite Dam for microscopic sampling on Junet and
on May 27. Lower Granite Dam is upstream from the spill passage program. The dissolved gas
sandard of 110 % was exceeded on one hoar, on one day from May 18 through May 31. On both
May 27 and June 1, 25% of the steelhead sampled showed signs of gas bubble trauma.

The laterd line microscopic data does not seem to correlate with dissolved gas level or spill level.
The lateral line symptoms may relate to the manner in which the fish are collected and sacrificed for
examination.

ﬁ459-94.md A *Ha qum _(_‘ 1



Fish Passage Center June 10, 1994

Gas Bubble Symptom Monitoring Summary

Abbreviations:
HCH1 = Hachery Yealing Chinook

WCH1 = Wild Yealing Chinook
CHO = Subyearling &nook
HST  =Hatchery Steelhead
WST = Wild Stedhead

HSO = Hachery Sockeye
wso = Wild Sockeye

co = Coho

# Samp = Number of each species examined

#0Obs = Number of fish observed with gas bubble symptoms
% GBS = (# Obs / # Samp) X 100

% TDG = Percent Total Dissolved Gas saturation

Morts = Number of mortdities

NMES Sampling Pro

Juvenile salimonid sampling at FGE projects:
Fish that are guided into the gateway at projects testing guidance devices are observed for
externd  symptoms. A subsample of these fish are observed for gas bubbles in the laterd line.
The occurrence of symptoms is expressed as a percent of the total number of fish observed.

River Reach sampling:
Salmonids are observed as described above. Nonsalmonids consi st of resident fish.

Adult sampling
Adults are observed for externa signs of gas bubble trauma a Lower Granite, Ice Harbor and

Bonneville dams.
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Page 1 Juveniles

# Samp | % GBI} || # Obs | # Samp | % GBS
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1994 Lower Columbia River Smolt Monitoring Program Gas Bubblle Symptoms J
' McNary Dam John Day Dam Bonneville Dam
Date | Species  |{# Obs |#Samp | % GBS ||# Obo [# Samp | 5 GBS | # Obs |#Samp[6 |
0 713 0.0% 0 129 0.0% 0 110! 0.0% '
0 30 0.0% 1] 4 0.0% 0 102, 0.0%
0 289 0.09% 0 59 0.0% 0 44 0.0%
0 28 0.0% 0 8 0.0%: 0 26 0.0%
0 3 0.0% 0 45 0.0% 0 118 0.0%.
0 2 0.0% 0 1 0.0% 0 -
0 102 0.0% 0 61 0.0%{ o 40 0.0%
ot 11671 00mil o) 307 | 0.0%. 0| 440 | o0.0%
o| 476 | o.0% ol 127] oo% 0 83 | 0.0%]
0 31 0.0% 0 2] 0.0% 0 104 0.0%.
0 155 0.0% 0 82 0.0% 0 57 0.0%
0 14 0.0% 0 12 0.0% 0 19 0.0%
0 4 0.0% 0 49| 0.0% 0 111 0.0%
0 7 0.0%: 0 1 0.0% 0 -
0 132 0.0%: 0 102 | 0.0% 0 411 0.0%
0 819 0.0% 1l __ 0 85§ 0.0% 0 415 1 0.0%
0 272 0 140§ 0.0% 0 112 | 0.0%
CHO 0 25 0 8F 0.0% 0 105 0.0%
HST 0 112 0 56 0.0% 0 75 0.0%
WST 0 14 0 14 0.0% 0 34 0.0%
CcO 0 3 0 24 0.0% 0 136 0.0%
HSO0 0 — 0 - 0 —
WSO, 0 71 0 231 0.0% 0 45 0.0%
AU Species 0 497 0 265 | ~ 0.0% 0 567 | 0.0%
06/07 | CH1 0 362 0 116 | 0.0% 0 112 | 0.0%
CHO 0 24 0 221 0.0% 0 122 0.0%{
HST 0 204 0 51 0.0% 0 48 0.0%
WST 0 18 0 6 0.0% 0 22 0.0%
CcO 0 4 0 16 0.0% 0 106 0.0%
HSO 0 10 - 0 — —_ 0 —
WSO 0 78 0 30 0.0% 0 37 0.0%
| AU _Species 0 700 01 241} 00%l 01| 447 0.0%
06/08 | CH1 0 156 0.0% 0 100 0.0%
CHO 0 12 0.0% 0 100 0.0%
HST 0 40 0.0% 0 47 0.0%
WST 0 6 0.0% 0 19 0.0%
CcO 0 11 0.0% 0 110 0.0%
HS0 o - 0 — 0 1 0.0%
| WSO 0 62 0.0% 0 25 0.0%
| All Species Il _ 0 0 — 0 2871 0.0%) _ 0] 402] 0.0%
06/09 | CH1 0 99 0.0% 0 107 | 0.0% 0 94 0.0%
CHO 0 8 0.0% 0 11 0.0% 0 121 0.0%
HST 0 253 0.0% 0 33 0.0% 0 44 0.0%
WST 0 24 0.0% 0 11 0.0% 0 21 0.0%
CO 0 2 0.0% 0 14| 0.0% 0 100 0.0%
HSO 0 3 0.0% 0 1 0.0% 0 1 0.0%
WSO 0 27 0.0% 0 95 0.0% 0 22 0.0%
AU _Species 0 416 0.0% 04 27121 0.0%) _ o0 ]- 403 | 0.0%
06/10 | CH1 II— 0 472 0.0% 0 1001 00%f]]- © 108 0.0%
CHO 0 15 0.0% 0 6 0.0% 0 103 0.0%
HST 0 298 0.0% 0 25 0.0% 0 48 0.0%
WST 0 27 0.0% 0 4 0.0% 0 30 0.0%
CcO 0 4 0.0% 0 6 0.0% 0 101 0.0%
HSO 0 8 0.0% 0 2 0.0% 0 3 0.0%
WSO 0 57 0.0% 0 51 0.0% 0 21 0.0% |f.
Au species 0 881 0.0% 0 1941 0.0% 0 414 0.0%
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1994 Smoit Monitoring Program Gas Bubble Symptoms from Sepa;ator Samples

McNary Dam* Littie Goose Dam Lower Monumental Dam
Species / Sample Time || # Obs l# Samp I % GBS [{# Obs I# Samp I % GBS “# Obs I# Samp I % GBS ]
o501 [HCHI AM | of s | o 0
HCH1 PM 0 50 0 25 0 10
TOTAL 0 100 | 0.0% 0 271 0.0% 0 44 | 0.0%
WCHI AM 0 ] 0 3
WCH1 PM 0 8 0 8 ,
TOTAL — — — 0 g1 0.0% 0 1] 0.0%
HST AM 0 46 { o 50 0 44
HST PM 0 45 0 60 0 20
TOTAL | 0 91| 0.0% 0 110 |  0.0% 0 64 | 0.0%
WST AM : 0 4 0 0
WST PM 0 5 0 0
TOTAL 0 9| 0.0% 0 0
GRAND TOTAL 0 200 | 0.0% 0 [
06/02 [HCHE1 AM 0 50 0 0
HCH1 PM 0 50 0 Q
TOTAL 0 100 | 0.0% 0 0
WCH1 AM —~ 0 0 3
WCH1 PM || 0 6. 0 3
TOTAL — — — 0 61 0.0% -0 6| 0.0%
HST AM 0 41 FI 0 27 0 50
HBST PM 0 45 0 12 0 23 -
TOTAL 0 2l 00% 0 39| 0.0% 0 73 | 0.0%
WST AM 0 3 0 2. — 0
WST PM ’I 0 * 0 2 0 2
TOTAL 0 8| 0.0% 0 4] 0.0% 0 2| 0.0%
GRAND TOTAL 0 200 | 0.0% 0 6% | 0.0% 0 110] 0.0%
06/03 |HCH1 AM I 0 50 0 9 ' 0 VA
HCH1 PM 0 50 Ve 0 4 0 4
TOTAL 0 100 | 0.0% 0 13{ 0.0% 0 21| 0.0%
WCH1 AM It 0 1 0 2
WCH1 PM 0 2 0 1
TOTAL e — — 0 31 0.0% Q0 1| 00%
HST AM 0 46 0 25 0 49
HST PM 1 45 ] 13 0 17 ']
TOTAL 1 91 1.1% 0 38 { 0.0% 0 66| 00%
WST AM 0 4| 0 2 0 1 i
WST PM. u 0 5 - 0 .0 3 F
0 9] oomf o 2) 00%] o a| 0.0%
TOTAL II L 200 | 0.5% 0 561 00%] o 94 | 0.0%
06/04 HCHI AM 50 0 8 0 3 II
HCH1 PM o 50 0 4 0 1
TOTAL 0 100 | o0.0% 0 12| 0.0% 0 4| 0.0%
WCHI AM 0 1 — 0
WCH1 PM — 0 0 1
TOTAL — — — 0 1| 0.0% 0 1] 0.0%
HST AM 0 47 0 35 0 31
HST PM 0 44 0 4 0 15
TOTAL 0 9| 00% 0 39| 0.0% 0 461 00%
WST AM 0 3 0 2 0 2
WST PM o 6 0 1 - 0 -
TOTAL Q i o00% 0 3| 0.0% 0 21 00%
GRAND TOTAL 0 200 | 0.0% 0 55| 0.0% 0 531 00% ||

Fish Passage Center
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1994 Smolt Momtonng Program Gas Blubble Symptoms from Separ ator Samples ’

Lmle Goose Dam Lower Monumemal Dam

Date | Species / Sample Time || # Obs |# Samp | % GBS [/# Obs [# Samp | % GBS || # Obs | # Samp | % GBs
06/05 |HCHI AM 0 50 0 6f . | o 41

HCH1 PM 0 50 0 26 0 7

TOTAL 0| 100 0.0% 0 21 0.0% 0| a8 0.0%

WCH1 AM 0 1 0 9

WCH1 PM 0 0 2

TOTAL — — —_ 0 9| 0.0% 0 1| 00%

HST AM 0 48 0 49 0 46

HST PM 0 46 0 16 0 13

TOTAL 0 94 | 0.0% 0| 65 0.0% 0 59| 0.0%

WST AM 0 2 o| 6 0 4

WST PM .b 4 0 4 0 2

TOTAL I o 6| oomll o] 10| o0.0% “ 0 6] 00%

GRAND TOTAL Lol 0 | ol 124] o0.0%

HCH1 AM 0 ' ol 6 0 25

HCH1 PM 0 0 .0 8

TOTAL 0 0 0 33| 0.0%

WCHI AM 0 0 4

WCH1 - PM . ol 0 8

TOTAL — 0 0 12| 0.0%

HST AM 0 0 0 23

HST PM 0 0 0 16

TOTAL 0l 0 0 39| 0.0%

WST AM 0 0 0 2

WST PM 0 — 0 1

TOTAL 0 0 0 3| 0.0%

GRAND TOTAL 0 0 0 87 | o0.0% Y

HCH1 AM 0 0 :

HCH1 PM 0 2

TOTAL 0 50| 00% 0 15| 0.0% 0 0 —

WCH1 AM 0 3

WCHi1 PM 0 5

TOTAL —_ - — 0 8| 00% 0 0 —

HST AM 0 48 0 18

HST PM 0 6

TOTAL 0 48 | 0.0% 0 %] 0.0% 0 0 —

WST AM 0 2 0 3

WST PM 0 1 |

TOTAL _ 0 2} 0.0% 0 4] 0.0% 0 0 —_

GRAND TOTAL 0.0% 0 s1| oowml] o 0 -

* Chinook not differentiated by rearing type at MeNary Dam; all chingok tabulated in Hatchery category.
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1994 NMF'S Gas Bubble Symptom Monitoring at FGE sites - Juvenile Saimonids
Little Goose Dam McNary Dam The Dalles Dam Boaneville Dam
Date | Species “j‘_ Obs |# Samp | % GBS |[# Obs |# Samp | % GBS || # Obs I# Samp | % GBS |# Obs |# Samp | % GBS
05727 o s3] oom| of 15| cowl of 10| oo0% -
0 205 0.0% 0 i17 0.0% 0 100 0.0% -
— — O 20 0.0% -
— D — 0 40 0.0% -—
0.0% 0] 260 0.0% 0 0 -
05/28 0.0% — —
0.0% — -—
0 0.0%f o ol | o 0 -
05/29 | HCH1 — 0 101 0.0% — ‘ —
WCHI1 - - - —
CHO - - _ ~ -
HST —_— 0 138 0.0% —_ —
WST - - - — -
WSO - - | R , -
COHO -_ hnd — —
All Species 0 0 - 0l 232] 0.0% ol ol —1 o 0 —
05/30 | HCHI _— 0 119 0.0% — . —
WCHI - - - -
CHO - — — -
HST - 0| 125] 0.0% ~- —
WST - C - - -
WSO - - - ' -
COHO - - - -
| 01 ] ol 0] -—
0 = 0 0! -
0 — 0 0 ——
- 0 202 0.0% 0 0 —_ 0 9 —_
Page 5 Juveniles June 10, 1994
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. 1994 NMFS Gas Bubble Symptom River Reach Monitoring - Juvenile Salmonids

Below Priest Rapids
# Obs | # Samp, l @ GBS

Below Bonneville Dam Below Ice Harbor Dam

1
Date Species _J #0bs |# Samp | % GBS

06/02 CH1
WCH1
CHO
HST
WST
‘WSO
1ICOHO

All Salmonids 0 0
Nonsaimonids

1CH1
‘WCH1

CHO

HST

WST

WSO

COHO _

All Salmonids

_{Nonsalmonid
’06104

BEEENEEE

aH
WCHL
CHO
HST
WST
WSO

COHO
All Salmonids
Nonsalmonids

06/05

CHL
WCH1L
CHO
HsT
WST
WSso
€OHO

All Salmonids
Nonsalmonids

06/06 | CHL
WCHL
ao
Her
War
W30
COHO

All Salmonids

Nonsalmonids
e T ———

06/07 |CHL
WCHL
ao
Her

|

42 0.0%

0.0%
2 0.0%
WST

5 0.0%
53 0.0% 0
77 0.0%

E

Al Salmonids
Nonsalmonids

106/08 CHL

WCHL

CHO

Her

WST

WO .

D -
All salmonids :
Nonsalmonids

~

|-
B
L
|
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1994 NMFS Gas Bubble Symptom Net Pen Studies - Hatchery Subyearling Chinook
Below Bonneville Dam Below Ice Harbor Dam Below Priest Rapids Dam

Jate | % TDG | # Obs | # Samp | % GBS |Morts || % TDG | # Obs l# Samp | % GBS [Mons % TDG | # Obs | # Samp | % GBS | Mors
2913 1 TDG 117 122 [ | T

Test 1 8| 26%| o0 7| s6{ s04m| a4 —

Control 0 20| o0.0% ] 2 10| 200% 1 Lﬁ -
51620 | TDG 115 118 I '

Test 0 | 00% 0 1 28 3.6% 2 —

20 0.0% ) 0.0%

Fish Passage Center Page 7 Juveniles Tune 10, 1994



Ice Harbor Dam

1994NMFS Gas Bubble a/mptom Momtormg aI Traps - Adult Salmomds

Lowcr Gra.mnc Dam -

0.0% ||

| Bonnevdle Dam
#0bs |#Samp | % GBS |[|#Obs [#Sump %GBS {#0bs |#sSamp | % GBS
0 0.0% 0 2] oo

Fish Passage Center -

Page 1 Adulis

June 10, 1994



Fish Passage Center

Jupe 19, 199
Daily Average and Instantaneous High Total Dissoived Gas Saturation (%) at Upper and Middle Columbia Stations
Boundary Below Wanapum Priest Rapids  Below Priest
Waters Grand Coulec _ Chief Joseph Wells RockyReach  Rock Island  wanapum {4 mi) (2.4 Rapids
Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg High Ay High Avg High
0527 113 114 108 109 108 109 109 112 108 109 108 109 106 108 122 134 113 124 109 115
0528 113 114 108 109 108 109 107 108 107 108 107 108 105 106 120 134 115 127 112 117
0929 113 114 108 110 108 109 107 107 109 110 109 110 107 108 119 130 117 126 110 117
0530 112 14 108 109 107 108 106 107 107 109 107 109 106 107 117 129 116 125 110 116
05/31 113 114 108 110 108 108 107 108 107 107 107 107 107 110 119 129 119 126 114 118
06/01 112 113 108 109 108 109 107 108 107 108 107 108 107 109 114 128 115 122 112 117
06/02 113 120 108 109 108 109 108 109 108 111 108 111 104 106 114 125 110 118 108 113
06/03 117 122 109 110 103 110 110 11 109 110 109 110 104 106 109 123 119 126 110 113
06/04 116 119 109 109 109 109 110 111 109 109 109 109 105 106 108 111 110 111 106 108
06/05 119 120 109 110 109 110 108 109 — — — — 105 107 109 110 108 110 105 106
06/06 118 119 109 110 109 109 108 109 107 108 107 108 105 106 109 111 110 113 107 108
06/07 118 119 108 109 108 108 107 108 108 108 108 108 104 105 107 110 108 111 106 107
06/08 118 119 107 109 107 108 107 108 107 108 107 108 103 105 106 107 106 107 104 105
06/09 117 119 107 108 107 108 107 108 108 109 108 109 105 106 107 107 106 108 104 105
Daly Average and Instantaneous High Tota Dissolved Gas Saturation (%) at Snake Basin Stations
Lower Below lce
Lower Granite Almota Little LittleGoose _ Lower Monumental Below Ice Harbor Hood Park
Dworshak _ Granite Tailrace (4 _mi below LGR) Goose Tailrace  Monumental  Tailrace Ice Hardor Harbor (3.6 mi) (redundant)  Bridge
Date  AvgHigh AvgHigh Avg High  Avg High AvgHigh  AvgHigh  Avg High  Avg High Avg High  Avg High Avg High Avg High
05/27115 120 106 107 111 119 112 120 110 111 114 116 115 116 116 118 113 115 121 122 119 119 114 115
05/28101 103 104 105 109 114 109 116 110 110 110 112 113 114 113 115 113 113 121 127. e -~ 113 113
05/29101 102 104 104 109 114 110 116 109 110 109 109 112 113 113 114 112 113 121 122 - — 112 113
05730109 115 103 105 109 115 110 117 108 109 109 109 109 111 112 115 110 113 120 122 — = 112 115
AT=1111 112 102 103 107 114 108 116 109 109 108 109 109 110 111 114 110 112 121 122 ——— - 112 113
110 111 100 101 108 115 108 116 107 108 107 108 107 108 111 115 104 109 121 122 ——— = 112113
112 117 103 106 109 115 109 117 107 108 106 107 109 114 113 115 106 115 121 123 ween  wms 112 115
06/03 117 120 104 108 109 114 109 115 107 108 e = 109 110 - == 111 112 121 122 w—— = 113 115
06/04 117 118 102 103 108 114 109 116 106 106 we  —< 108 109 w109 110 121 122 o wee 112 115
06/05117 119 104 105 107 114 108 116 106 106 111 111 108 110 - — 110 112 121 122 - —=. 113 115
06/06 116 117 103 104 109 116 109 116 105 107 108 111 108 109 wes = 109 110 120 122 —— - 111 113
06/07 116 117 101 102 112 115 116 116 105 106 109 110 106 107 wen —— 105 108 121 122 = —— 111 113
06/08 116 117 100 101 —_— e -— we 104 105 -— - 105 106 — — 106 108 120 122 — w112 115
06/09 116 119 100 102 —_— — —— ~-. 104 105 e — 106 106 == 107 108 120 122 v —— 112 117
Daily Average and Intantaneous High Total Dissolved Gas Saturation (%) at Lower Columbia Stations
McNary
McNary _McNay  South . McNary TheDalles Warrendale Camas/ * Wauna
North South (redundant) Tailrace” John Day TheDalles  {redundant) Bonneville Warrendale (redundant) Skamania “Washougal Kalama Mill
Date Ayg High Avg High Avg High Avg High AvgHigh Avg High AvgHigh Avg High AvgHigh AvgHigh AvgHigh Avg High Avg High AvgHigh
0527 110 115 11l 116 115 115 115 123 = — 106 108 103 103 106 109 111 113 113 113 113 117 103 107 110 111 107 108
05728 112 114 1120 114 = = 112 114 =— ~= 106 108 o= -— 106 107 111 112 <o o 112 113 101 103 109 111 106 107
05729 111 112 111 112 = == 111 114 wwe e~ 106 107 === = 107 108 111 112 -~ 112 113 102 103 108 109 105 106
05/30 110 114 111 115 — — 111 115 aeme — — = o — 108 111 112 183 — -— 114 115 103 106 109 111 104 106
0531 111 112 109 11 —  — 111 117" 104 104 = — e — 110 112 112 113 - 115 117 102 104 110 110 105 107
06/01 109 110 109 111 — == 112 116 103 104 == =— — — 108 W 112 113 -— -— 113 114 109 115 108 110 103 105
06/02 111 115 111 114 — - 114 117 105 107 —= —— = — 108 110 112 113 . —— 113 114 112113 110 112 104 105
06/03 113 118 Il 113 e = +mwe =— 106 106 === == e = 109 110 13 114 — -— 114 115 112 115 111 112 104 105
06/04 114 116 114 117 e — — — 104 104 e = — — 108 109 112 113 — -— 114 115 112 114 110 111 103 104
06/05 113 115 114 117 — — =m o= 104 104 — e — - 109 110 113 114 e = 114 115 112 114 111 112 103 104
o7 110 111 110 1M1 e— = - — 104 104 — — = o 108 109 113 114 e -~ 114 114 112 113 110 111 103103
108 109 108 109 —— —— — s 104 104 — e == o~ 106 107 112 113 ~= . 113 114 111113 109 110 102 103
L 106 107 107 110 — — = — 103 104 106 108 -- -— 106 108 112 113 — — 113 114 112115 109 111 102 103
06/09 108 109 109 114 wwee == == w= 104 104 106 108 we= — 108 110 113 114 = ~— 114 116 112 116 111 113 103 104

Data provided by the Corps of Engineers. Tailrace gauges are manually downloaded by Walla Walla District and forwarded through the Reservoir Control
Center. Data from all other stations are collected via the GOES satellita network.



Fish Passage Ceunter

1994 Total Dissolved Gas Sauration

Jupe 10, 1

@) - Fodiy Statons (except Warrendale and Skamania)

Average of 12 highest readings 24 hour Average, and Highest reading of 24 hour period

Lower McNary South

Lower Granite Little Goose Monumental Ice Harbor McNary North ~ McNary South (redundant)

12h24h 12h 24 h 12h 24 h 12h 24 h 12 h 24h 12h 24 h 12h24h
Date Avg Avg High Avg Avg High Avg Avg High Avg Avg High Avg Avg High Avg Avg High Avg Avg High
05/27 106 106 107 110 110 111 115 115 116 114 113 115 114 110 115 115 111 116 115 115 115
05/28 105 104 105 110 110 110 113 113 114 113 113 113 113 112 114 113 112 114 - —_— —
05/29 104 104 104 110 109 110 113 112 113 113 112 113 112 111 112 112 111 112 s e
05/30 104 103 105 109 108 109 110 109 111 111 110 113 111 110 114 113 111 115 e e e
05/31 102 102 103 109 109 109 109 109 110 111 110 112 112 111 112 110 109 111 ;e cee
06/01 101 100 101 107 107 108 108 107 108 109 104 109 110 109 110 110 109 11l e v —
06/02 104 103 106 107 107 108 110 109 114 112 106 115 113 111 115 112 111 114 e oea- —
06/03 105 104 108 107 107 108 110 109 110 111 111 112 116 113 118 112 111 113 - e —
06/04 103 102 103 106 106 106 108 108 109 110 109 110 115 114 116 116 114 117 e cmww e
06/05 104 104 105 106 106 106 108 108 110 111 110 112 114 113 115 115 114 117 eeee comn cee
06/06 103 103 104 106 105 107 108 108 109 109 109 110 110 110 111 110 110 11l == o= —
06/07 102 101 102 106 105 106 106 106 107 107 105 108 108 108 109 108 108 109 e—= coaw  caem
06/08 101 100 101 105 104 105 105 105 106 107 106 108 106 106 107 108 107 110 weem seem  =emm
06/09 100 100 102 104 104 105 106 106 106 107 107 108 108 108 109 113 109 114 ceem  eeme  =amm

The Dalles Warrendale
John The Dalles (redundant) Bonneville Warrendale (redundant) Skamania

12h24h 12h 24 h 12h24h 12h 24 h 12h 24 h 12h24h 12h24h
Date Avg Avg High Ava Avg High Avg Avg High Ava Awvg High Avg Avg Hioh Awg Aw High Aw Aw High
0527 — = — 107 106 108 103 103 103 107 106 109 112 111 113 113 113 113 115 113 117
05/28 ==~ e ~= 107 106 108 =— — == 107 106 107 112 111 112 == e— - 112 112 113
05/29 ~ee — = 106 106 107 — — — 107 107 108 112 111 112 === ~e=e — 113 112 113
05/30 — o e o = eee e e = 109 108 111 113 112 113 ——  ew= = 114 114 115
05/31 104 104 104 eewe wewe  mme — — == 111 110 112 113 112 113 em= == —=- 115115 117
06/01 103 103 104 e wam e = — =~ 109 108 111 113 112 113 aes= == - 114 113 114
06/02 106 105 107 === == wm== == —= = 109. 108 110 112 112 113 e == s 113 113 114
06/03 106 106 106 wume e o wme  wwme == 109 109 110 113 113 114 — e~ -— 115114 115
06/04 104 104 104 wems = ceen e ewwe wee= 109 108 109 113 112 113 ==  e== — 114 114 115
06/05 104 104 104 wwww == = e .= ~= 109 109 110 113 113 114 e~ -~ — 115 114 115
06/06 104 104 104 wem —= —ma e e~ 108 108 109 113 113 114 - =~ — 114 114 114
06/07 104 104 104 wees = —— aem e~ 107 106 107 112 112 113 -— = — 114 113 114
06/08 104 103 104 106 106 108 =—~ — == 107 106 108 112 112 113 e~ =— w 113 113 114
06/09 104 104 104 107 106 108 wwse wmee wwea 109 108 110 114 113 114 — - —— 115 114 116




Fish Passage Center

Data collec

Tailwater Instantaneous Total Dissolved Gas Saturation

fmm manually deployed probes
ted b

y the Corns of Engineers

Below Bonneville Dam
Below John Day Dam Below The Dalles Dam (Hamilton)
pate Maximum Minimum Maximum Minimum Maximum Minimum
05/16/94 112% 110% — — —_ —_
05/17/94 — — 116% 110% —
05/18/94 110% 108% 113% 109% — —
05119194 115% 110% 115% 114% — —_—
05/20/94 114% 113% 114% 112% e
05/21/94 107% 105% 116% 112% — —
05/22/94 108% 105% -— — — —
05/23/94 — — — — -—_ —
05/24/94 — — - — — —_—
05/25/94 — — — — — ——
05/26/94 —_ — — — — —
05/27/94 110% 107% 114% 113% —
05/28/94 112% 108% 116% 113% —— o
05/29/94 113% 108% 115% 114% o —
05/30/94 115% 110% 114%" 113% — e
05/31/94 122% 107% 115% 114% —_ —
06/01/94 110% 106% — — 11% 1%
06/02./94 113% 105% — — 111% 111%
06/03/94 ame — — —_ 112% 111%
06/04/94 118% 107% 114% 113% —_— —
06/05/94 — — — — 111% 110%
06/06/94 123% 107% 114% 113% 113% 111%
06/07/94 114% 106% 115% 112% 112% 109%
06/08/94 114% 106% 113% 113% — —-_—

June E0, 1994



Fish Passage Center

) ) June 10,
994 Smolt: Monitoring/ Program Gas Bubble Symptoms - Lateral Line and Internal Symptoms
Juvenile Hatchery Steethead '
— e
: Lateral Line | Lateraline Gill Internal Total
| Site Deate # Sampled External Internal Filaments Symptoms Affected
Little Goose Dam 5128 30 0 0 6 0 5
5/30 30 0 0 10 1 (1}
6/01 30 0 0 4 1 4
6/03 30 of 0 5. 0 i
6/05 28 0 0 8 1 4}
6/07 21 0 0 3 0 .3
6/09 18 0 0 2 ) 4
Lower Monumental Dam 5127 30 0 1 6 6 11
5/29 30 0 0 10 6 1
5131 30 0 0 4 6 9
6/02 30 0 0 4 6 ]
6/04 30 0 0 3 7 9]
6106 30 0 0 3 6 B
| 6108 13 a a 4 3 6
l MeNary Dam [ 5128 30 0 0 0 0 0
5130 30 0 2 0 1 1
6/01 30 L0 0 0 0 0
6/03 30 ' 0 0 0 0 0
6/05 30 0 0 0 0 0
6/07 30 0 0 0 0 0
! 6/09 ]| 15 0 a 0 0 0
John Day Dam 5129 30 0 24 7 0 24
5/31 30 2 14 14 2 22
6/02 30 2 4 8 2 14
6/04 30 1 18 9 3 21
6/06 30 4 24 12 0 27
6/08 18 0 1 2 1 2
6/10 30 3 20 5 2 22
Bonneviile Dam 5129 30 20 29 18 6 29
5131 30 19 30 25 4 30
6/02 30 a 30 9 3 30
6/04 30 2 26 13 11 27
6/06 30 5 29 9 18 30
6/08 30 3 26 18 9 29
6/10 22 2 19 7 0 19
Fish Passage Center June 10, 1994



CCrMADB

FISH PASSAGE CENTER

2501 S.W, FIRST AVE. . SUITE 230 * PORTLAND, OR 97201-4752
PHONE (503) 2304099 . FA X (503) 230-7559

MEMORANDUM

DATE: June 8, 1994

TO: Internal Signs of GBT Discusson Group
FROM: Margatet Filardo

RE: Data collected June 2 - June 8

| am providing a detailed description of the GBT signs observed in the sacrificed hatchery steelhead.
| will be prepared to discuss any additiona datathat isreceived prior to the conference call tomorrow
morning. It should be noted that it is becoming increasingly more difficult to get the hatchery steelhead
a the gtes to conduct the observations. Some sites will be going to 15 fish per day and reporting the
data every other day as acombined thirty. fish sample. -

Little Goose Dam

6/1 - Noexternad orinternd lateral line bubbles. 4/30 with gill filanent bubbles, one
fish with one bubble, one fish with more tbau 5 bubbles, one fish with more than
10 bubbles, one fish with more than 20 bubbles., 1/30 with bubbles on kidney.

6/3 - Noexternal or interna lateral line bubbles. 5/28 with gill filament bubbles, on
with one bubble, one with 2 bubbles, one with 5-10, one with 10-15 and one
with 20-30 bubbles. No other signs of GBT.

6/5 - No externa or internal lateral line bubbles. 3/30 with gill filament bubbles
(small), 1/30 with large bubbles in intestine.

6/7- No externd or internd lateral line bubbles. 3/21 with gill filament bubbles, one
with 3 bubbles, one with 25 bubbles, one with 50 bubbles.

Lower Monumental Dam

6/2 - No externd latera lime bubbles and no internd lateral line bubbles. 4/30 with
gill filament bubbles, 1 fish with 1 bubble, one fish with two bubbles, onefish
with 3 bubbles and one fish with 4 bubbles. 5/30with distended swim bladders,
1/30 with bubbles on kidney.

6/4 - No external or internal Lateral line. 3/30 with gill filament bubbles, one fish
with one bubble, one fish with 2 bubbles ad one fish with 8 bubbles. 6/30 with
distended swim bladder and 1730 with bubbles on kidney.

6/6 - No externd or interna laterd line bubbles. 3/30 with glll filament bubbles, two
fish with one bubble, one fish with 3 bubbles. 6730 with distended swim
bladder, one additional fish had bubbles on kidney

'%a&'m{’ 1_



McNay Dam

6/2 -
6/4 -
6/6 -

No signs observed.
No signs observed.
No signs observed.

John Dy Dam

6/2 --

6/4 -

6/6 -

6/8 -

2/20 with externa lateral line bubbles (1 with two bubbles, 1 with many). 2/20
with internal lateral line bubbles (1 with 2 bubbles, 1 with 3-4 bubbles). 6/20
with |-5 bubbles in one filament.

1/30 with 1 laterd line externa bubble: 18/30 with internal lateral line bubbles,
This is coincident with a change in technique where the individual squeezes dong
the laterd lii forcing fluid out and bubbles are detected in fluid dripped on top
of fish. The project lessz reported that in her opinion thistechnique yielded a
ggnificant over estimation in the number of bubbles. It was abandoned after the,
6/6 sample. 9/21 with gill filament bubbles ranging from few to many in one
filament 3/21 with bubbles on the kidney.

4/30 with 2-5 external lateral line bubbles. 24/30 with intemd lateral line
bubbles. Agn  this sample used the "milking" technique. 12/30 gill filament
bubbles, most 2-3 in one filament, one fish with 2-3 in each filament. No
interna signs. :

partid sample, will complete on 6/9. 0/18 external lateral line, 1/18 internd
lateral line (5 bubbles), 2/18 with gill filament bubbles, 1 with one bubblein
onefilament, one with 5% of filaments affected. 1/18 with kidney bubbles,

Bonneville Dam

6/2 -

6/4 -

6/6 -

6/8 -

486-94.mf

No bubblesin the external lateral lime; All fid1 with some bubblesin internal
lateral line. 9/30 with bubbles in gifl filaments, most with 1 - 2 filaments with
[-3 small bubbles, 2 fish with four filaments with several smdl bubbles. 3/30
with distended swim bladder.

2/30 with 1-5 small bubbles in exterior latera line 26/30 with some small
bubblesininternd lateral line. 13/30 with gill filament bubbles, most involved
|-2 bubbles in |-2 filaments, one with three filaments with 4 small bubbles, and
one with 5 small bubbles in 4 filaments. 6/30with distended svim bladdersand
5 with 2-5 kidney bubbles.

5730 with externd lateral line bubbles (2-6 small) and 29/30 with internd laterd
lii bubbles. 9730 with gill filament bubbles, most a small number in a few
filaments, one fish with more than 50 bubbles in 5 filaments. 13/30 with
distended swim bladders, 2 of these aso had bubbles on kidney. An additiona
2 with bubbles on kidney. No information on one fish. Total of 16/30 with
internal signs (corrected from 6/6 distribution).

3/30 with externd latera line, few smal bubbles. 26/30 with internd lateral line
ranging from a few small to many small bubbles. 18730 with gill filament
bubbles, most reported as -2 small bubbles in |-2 filanats only one fish
reported with many bubbles in one filament. 9/30 with distended swim bladder.



Protocol for Sampling Fish for Gas Bubble Symptoms
at All Sampling Sites

1. Thesamplewill consist of 100 fish per species per day. This sample will be taken 3 days per week.
This sample will be composed of the same fishas used to determine descaling rates, weights, etc. When
gas bubble symptoms are noted, then sampling will be accomplishedonadaily basisat all sy Sites
IUieI the diiolved gas levels and associated gas bubble symptoms (GBS) arc reduced to more normal
evels.

2. When GBS first appear in the sample, a comparative sample will be taken at the separator of the
following dams. Little Goose, Lower Monumental. and McNary A sample of 100 fish of yearling
chinook and steelhead will be obtained each day. Fish should be captured via a sanctuary dip net and
transferred to the fish fadility for examinati on. Samples should be taken twice during the 24 hour day.
The purpose of this activity Is to determine if GBS dissipate with time spent in the sample tank or
raceways.

3. Individual fish will be examined for GBS in/on thefins. head, and eyes. Generdly, first appearance of
GBSisinthecaudd fin.

4. Thefive classfications of GBSwill berecorded. These classifications are:

1. No Evidence == gas bubbles are not present in any tin.

2. < 50% in one fin = gas bubbles are observed in |ess than 50% of the surface of onetin.

3. 350% in one fm = gas bubbles are observed in greater than 50% of the surface of one fin.

4. Two or more Fii = gas bubbles are present ina least two of the fish’s fins

5. Fin(s) + Head = gas bubbles are present in one or more of the fish’s fin(s), plus the head area

5. The Sequenceto follow when inspecting afishisto: 1) Inspect the fm area first, if no evidence is noted
then, proceed to the next fish: 2) If only one fin has gas bubbles present, determine if 50% of the fm has
bubbles. and record in the ¢ or > 50% column, and proceed to next figy 3) If ath was noted to have
gas bubbles in two or more fins, then look at me head for signs of bubbles: if no bubbles are noted in the
head, record as two or more fins and proceed to the next fih.  If bubbles were noted in the head areg;
and, 4) record as Fin(s) + head; and proceed to next fish.

We can look for progression of GBS in the fih by using this sequence. Generdly the progression is
from the caudal fm to the anal or dorsal fin, and findly in the last stages to the head area on the fish.

Trammg
1. Tranng of sampling personnel on recognition of gas bubble symptoms incidence will be completed prior

to the fish passage season by experienced/trained personnel.

2 cchoord 3



1.

4.

The sample season for GBS will befrom Apnl 15 through June 15 unless high twéb conditions exist
prior to, or after; the normal sy dates. The Fii Passage Center, will inform the sampling sites of
any change in this schedule.

Onthe individual sample days for GBS, the data should be sent to the FPC on the Smolt Monitoring
Summaries. The information should be added to the Comment Section and include the number observed
with symptoms and ,the number examined for each species, negativereportsared® needed. The
information shoutd always be in this format: HCHI: x/y; WCH1: x/y; etc.

The individual taly sheets recording the GBS by species and categories, and appr'opriate comments should
be mailed to theFPC on Friday of each week, and will be verified by FPC personnel on aweekly basis.

During the GBS monitoring season, the Sites should indicate in the $/36 batch comments that either 1)
there was no GBS monitoring, 2) there were no observations of GBS, or 3) what the GBS dmvdas
were.

FPC Reporting of GBS:

1.

The FPCwil report levels of GBSincidence in the FPC’s Weekly Report that is mailed out ech Friday
to about 300 peaties inthe ColumbiaRiver Basin.

TheFePCwill ube  request te  severe cases of GBS (fin(s). + head) at individual projects be
documented by photo.



Dissolved Gas Symptoms  sie

Date Batch#
Species. Sample Size:
No Evidence <50% | None fin >50% in one fin Two or more fins Finfsy + Head
Totals:
Species: Sample Size:
No Evidence <50% in ope fin >50% in one fin Two or more fins Finrs) + Head
Totls: |
-
Species: SampleSize:
No Evidence <50% inome tin >50% it one fin Two or more fins Fin(s) + Head
Totals:
Species:. Sar le Size:
No Evidence <50% in onsfin >50% in one fin Two or more fins Fin(s) + Head

Totals:




F1SH PASSAGE DATA SYSTEM FAGE 43

UATE: h/13/94 DAILY SUMWRY  REPORT TIME: 53$47:48
LMN LOWER MONUMENTAL Iidsd BATCH = 94084
BatCh #Havssesosasonas . . . .. —tcl
Start Date/ TimeResessssssres 006068941600 CMMINYY MM
S":QF‘ Ila'tE/Timaooott00000+¢0v000610?4 .LéC'O CMMOLYY HWMM »
Samp le Mathod Cod@seaos . . . . . o 2 302
Sample RQuality Cotlecsssrreses
Number of Hours Samp Led.. . . a0 . 2Z4.C
Number Gatews 1ts Samp Llede. . . .. 00
Sample Rate (timer setting)sqs + 25000000
Avg. River Flowes s cssseaana e s 37.00
Avg, Fowarhouse(ldesees. .. . 23+ 2&eLO Avg Fowerhouse(I), . . .00

ﬁVgo SpiLlootstooooooooootooot 10.10
Detail comments: RIVER TEMP. &0.% DEGREES
QL(J_ TEXT: HOH=-1 O/%; WCH-1 6/3; ST--H &/24; ST-W O/I;
Gas budblL L\ InT: H/24 EXLLE 0/24 INLLS O/24 GF$ 3/24; INSY 2/24
s i oniforme) SEE: HOH-1 0/33 WCH-1 O/B HCH-0 O/0; WCH-0 O/2.
d“"—"\ ST-H O/60; ST-W O/6: VL TAGS L LEFT. RED; 1 YELLOW
LEFT. 1 SUCKER.

HATCHERY TOTALS

Chinook 1 Chinook’ 0 Steelhead Coho Sockeyve Total
Collected 132 0 240 0 0 372
Bypassed 0 0 0 0 0 0
Trucked 0 Q 0 0 0 0
Barged 243 0 501 0 0 744
Morts. 0 15 0 0 23
Sampled 0 /_60 0 0 93
WILD TOTALS

Chi no oit 1 ChinookzO Steethead Coho Sockeye Total
Collected 32 8 24 O 8 72
Bypassed 0 0 0 0 0 0
Trucked 0 0 0 0 0 0
Barged 70 1.2 64 0 12 158
Morts. 0 0 (0] 0 0 0
Sampled 8 2 6 0 2 18
SUMMARY TOTALS

Ch i nook 1. Chinook 0 Stewlhead Coho Sockeye Total
co L Lectecl 3.64 8 264 0 8 444
Bypassed 0 0 0 0 0 0
Trucked 0 0 0 0 0 0
Barged 313 12 565 0 12 902
Morts. 8 0 15 0 0 23
Samp Led 41 2 66 0 a 111
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FISH PASSAGE CENTER

2501 SW. FIRST AVE. « SUITE 230 « PORTLAND, OR 97201-4752
PHONE t503) 2304099 « FAX (503) 230-7559

MEMORANDUM

DATE: May 11,1994

TO: %mmﬁng Progmogra Qt*e’ Pérstfel

FROM: Michele DeHart

RE: Additionai monitoring associated with gas bubble trauma

Asyou are al probably aware, additional spill’ is being provided this year to aid the juvenile
migration. As pat of this program. we have been asked to add an additiona monitoring eement into
the gas bubble trauma monitoring that is now on-going. This element is designed to detect early
symptoms of dissolved gas in fish. It will require sacrificing a number of fish. and the close examination
of their gill filament and lateral line. Training and equipment Will be provided &t each Ste. The protocol
chat will be used for training and implementation is attached. The implementation of this monitoring on
an dternate day basis will be initiated when dissolved gas levels reach 120%. As of this time. we do not
know how the determination of dissolved gas levels wiil be determined.  There are on-going discussions
between NMFS and the operators. Therefore. we cannot tell you when the additiona monitoring will
begin. Be assured that we wiil notify each site with as much lead time as possible. The attached protocol
has been reviewed and approved for implementation by the Fish Passage Advisory Commitree.

We will be providing you with a separate data sheet and advice as to how the data should be
transmitted to the FPC prior 10 implementation. If you have any additional questions. please contact
Margaret Filardo az 2304286 or Larry Basham at 230-4287.

391-94.m /H(’« J/\ wuw\'\' [:\/
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Gas Bubble Trauma Sympvtom Monitoring
Latera Liae and Gill Filament

1. On an every other day basis- thirty hatchery steelhead from the dissolved gas tramna

monitoring sample will be randomly chosen and sacrificed by over-anesthetizing the fish

2. These fish will be part of that day’s sample for dissolved gas trauma monitoring and will

be included in the sample datistics. In addition, the thirty (total) fish will be observed
in-depth for lateral lii and gill filament symptoms.

3. GILLS:

Thegills should be examined fird.  Fit, hold the fish down under water and cut the gill
arch. Gas bubbles may bubble up as the blood is released.

Take the fish from the water and clip a second gill arch, placing it on a dide.  The size that
we anticipate these fish to be will require that the individua filaments be removed from me arch
With ascalpel, and then coverslipped with adrop or two of water for awet mount examination
Examine the filaments under a compound microscope for evidence of gas bubbles in the gill
capillaries.

This examination is crucid. Don’'t confuse round bubbles that happened to be caught under
the cover-dip for bubbles inside the blood vessels of the gills. You must focus up and down with
the fine focus of the microscope to ensure that what you are looking at istmly inside the blood
vessel. Thebubblesacmally insidewill probably not be round, they will be elongated because
they take on the shape of the gill capillaries themselves. Perfectly round bubbles should be
discounted, as they are probably extraneous bubbles just cagit under aflaret  or coverdlip.

Thistechnique will take some practices

LATERAL LINE:

This is by direct exam under the dissecting scope. Look for bubbles dong the indentation
of the laterd-line. If none are apparent, ped back the skin of the fish to look between me skin
and the muscle bundles for bubbles that may be in the indentation where the lurdes  meet each
other. Examine both sides of the fish.

This is dso a good opportunity to examine the eyes more closaly under the dissecting scope
for bubbles which may not be apparent to the unaided eye.

INTERNAL EXAM:

The' fish can be opened carefully with a scalpd. Do not puncture too deeply into thefish
as you are trying to preserve the swim bladder intact. Asyouopen the fish, look for gas bubbles
in the intestine, and see if the swim bladder is abnormally distended. This wiil take some
practice in identifying. Once noted, thesm  bladder can be tugged aside. ad the surface of
the kidney examined for vishle bubbles under the membrane.

Each site will be provided with a compound and binocular dissecting microscope to use for fish
observation.  Fish Passage Center Staff will arrange and provide training to Smoit monitoring
Program crews. We request that a least two hiologists from each site be made available for the
training session.

387-%4.mf



FIC 11893 Dissolved Gas Symptom Monitoring: Lateral line, gill and internal
Juvenile Hatchery Steelhead

Site: Date:
Batch#:
‘ ; Lateral Line External Symptoms Lateral Line Internal Symptoms “ Gili Filament Symptoms Internal Symptoms
No | Yes Description Ne | Yes Desnri]i:ion No | Yes Description No | Yes Description
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u Lateral Line bxternal oy nploms

Laterai Line Internal Symptoms

Gill Filament Symptoms J‘

nternal Symptoms

“ No

Yés

Description -

No ] Yes

Description .

No | VYes

Description “ Na | vee |

Descrintion

|,6 ||

“ 21

3

24

ll 15 I

26

2

Total#

Site:

Date:

L]

Batch#:




@l

A

FISH PASSAGE CENTER

2501 soes -voes AVE. o SUITE 230 ¢ PORTLAND, OR97201-2752
PHONE (503) 230-4099 . FAX (503) 230-7559

MEMORANDUM

DATE: May 25, 1994

TO: Files

FROM: m

RE: TripMemo-  Gas Bubble Trauma Training for SMP Personnel.

OnMay 13. 16, and17, | accompanied USFWS pathologists to several of the mainstem sampling
gtes for the purpose of conducting GBT training for SMP personnel. Phyliss Barney did the training at
McNary John Day, and Bonneville dams, and Eric Pelton at Lower Monumental and Little Goose dams
One dissecting and one compound microscope, and a dissecting were issued to each project. COE
microscopes are being used a Lower Monumental and one compound scope a Little Goose.

The protocol developed for assessing gas bubble symptoms wes used for teaching the procedures and
methods to al personnel. The actua sampling was generaly initiated the day after our training session.
It wes evident rhat the sampling procedures would require quite a lot of extra time for the biologigts: |
estimated that it would take at least 10 minutes per fish initiaily, witb the best perhaps of 5 minutes per
fih(most likely with 2 people) as they became more proficient through time. The external look entailed
checking the fish for presence of air bubbles in the fins, head areaincluding the mouth and eyes. and
later the taterat line. Our training oniv inciuded the internal sectioning of the skin. removing it from the
lateral line and viewing the fish's lateral line under a scope. The interna examination inciuded the lateral
line mentioned above. a section from the second gill arch (ends of giil filament: about 20 or so were
spread on a microscope dide); examination of the swim bladder. intestine. and kidney (microscope not
necessary for lagt three items).

The training of SMP personnel went somewhat like this. 1. the protocol wes read and reviewed for
each person: 2. Phyliss or Eric demonsirated the correct procedure to follow for the extand and inerd
examination of the fish. We used hatchery steelhead obtained from the sampling facility; 3 the biologists
or s then repeated the procedures with tips from al onlookers: 4. the fish were examined to confirm
the presence of bubbles at the various points of the exam.

We found no presence of air bubbles in the few fish a Bonneville. John Day, McNary, or Little
Goose dams. but air embolisms were noted in al four fish autopsied at Lower Monumental Dam. The
ar embolisms were found in the latera line, gill filaments, and kidney in some combination. i.e. laterd
line only, or laterd line + kidney, etc. The examination of each fish was time consuming and thorough
but it appears to be the only way to adequately assess whether bubbles are present in thelaterat line. gills,
or internal organs. The fish are examined externally prior to the internal exam. All evidence of gas
bubble symptoms are recorded and faxed to the FPC for storage and/or dissemination 10 interested

parties. _
Aﬁ'{'ao{"wf' G



| reviewed procedures for capturing fish with the WDFW and ODFW biologists. At Little Goose
and Lower Monumental dams. COE techs will capture the fish from the perforated plate just prior to the
separator and have them available for the state biologists just prior to their sampling each morning or
evening. At McNary, John Day, and Bomneviile, the federal or state personnel will capture the fish. One
hundred chinook (hatchery or wild) and one hundred steelhead (hatchery or wild) would be examined m
adaily basisfor GBT symptoms. Every other day, 30 hatchery steelhead would be sacrificed for the
internal examination (15 morning and 15 evening). These 30 fish are part of the 100 steelhead sl

for that day.
Supervisors at each site were concerned that with the additional time required to do thexse

examinations; they would runinto funding problems due to the overtime and lack of personnel to @&
the extrawork. | informed them that this work would be covered somehow by the federal agencies.
They will work up budgets for the additional time requiredto do thisgas bubble sampling. The
additional time for the survival studiesat LGS and LWN would also be partitioned out. Paul Wagner
wasadding biological techs for LWN and MCN to assist the biologist.

| believe that adequate training was provided for each sampling ste by either Phyliss or Eric. Both
answered questions on the sampling procedures, and Phyliss farther asssted personnel a Bonneville ad
John Day after she returned from her Colorado trip.

| will make site visitsto observe sampling at the three lower river SMP projectsin the near future

432-94.1b
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UNITED STATES GOVERNMENT FISH AND WILDLIFE SERVICE

Memorandum

To Assigaant Regiond Director-AFF DATE: May 31, 1994
Regon 1, Porland OR

FROM : Project Leader, Lower Calumbia River Fish Health Center
Underwoad, WA

SUBECT: GasBubbleDisease Summary of Observations

Starting on May 12, this laboratory trained atotal of 16 people at the various fish passage
facilities at Little Goose, Lower Monumental, McNary John Day, and Bonneville damsto
obsarve sgns of Gas Bubble Disease in outmigrating sedhead smolts.  What we covered was.

Gasinthegill by 1) cutting the filament underwater to observe bubbles coming out
and 2) microscopic examination of approximately 20filaments for bubbles

Externd latera line examswith the dissecting microscope

Internal lateral line exams under the dissecting scope by peeling the skin of the fish
away fromthemusculture while observing the lateral line pocket.

A grossinternal exam looking at 1) overextended ges bladders, and 2) bubblesin the
kidney or intestine

May 12 and 13there were no signsof gasbubblesin fish examined at McNary, Bonneville

and John Day. On May 16 during atraining session a Little Goose, the first signs of bubbles
were observed in the latera line, with May 17 at Lower Monumental showing bubbles in some
gill filaments and dong the latera line. May 18 at John Day and a Bonneville, bubbleswere

seen in the gill filaments of some fish, and in some lateral lines. At the lower dams these
minor SIgNS are continuing, May 26 fish examined at the Lewiston trap (at the confluence of
the Snake and Clearwater) showed no bubbles, while 4 fish of 15 at L ower Granite dam
showed signs (2 with overinflated swim bladders. 2 with internal lateral line bubbles).

My direct observations on various days at severd sites are that these signs are minor ones of
gas bubbledisease. When bubbles are obsaved in thegill filaments, they are small, and have
not completely blocked the gill eapillaries. The gill filaments above and below the bubbles are
gill hedlthy looking, and il receiving a blood supply. Most often there is only one bubble
per filament, With only 2 instances where more than one bubble per filament were observed.
The bubbles are all small.
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Thelaterd line bubbles are also very small. They are difficult to observe through the skin. but
when the skin is peeled back, they appeared in the pockets of the lateral line. When |

observed bubblesin the lateral line, the number of bubbles per fish averaged 2, wirh the mast |
observed per fish being 3.

Theinternal signs are the most subjective The swim bladder and kidney observations are the
most likely to be overestimated and gas bladder distenation could even be caused by the

process by which these fish are collected. Some of the swim bladders | saw were very over
extended, but this observation will vary from person to person.

Thefishbeing sampled are otherwise appearing heal thy.

The extent of the bubbles seen in thesefishisvery small. Thei mpact on the gillsis minor,as

good blood flow was observed above and below the bubbles on theindividual filaments. The
Internalsigns have also been at avery minor level.

In hatchery fish my experience with these low levels of signs and small number and size of
bubbles are that the fish can fully recover from these effects. These levels are not |lethal to the

fish. Once the levels of supersaturation in the water is reduced or eliminated, the fish beginto
rid themselves of the bubbles.

Phyllis Bamey
cc Brian Brown, for distribution to Dailly Spill Report list
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FISH PASSAGE CENTER

2501 S.W. FIRST AVE. . SUITE 230 « PORTLAND, OR97201-4752
PHONE (503) 230-4099 « FA X (503) 230-7559

MEMORANDUM
DATE: Jme6,19%

TO: . The Files
’ mwg‘{
FROM: Margaret-Filardo
RE: Monitoring for Interna signs of Gas Bubble Trauma(GBT)

On May 10, 1994 the FPC staff dong with the state agencies and CRITFC met with NMFS staff
(Brian Brown, ChrisRossand Gary Fredricks), and USFWS daff (Fred Olney) At this meeting it was
agreed:

° the FPC would add an element to the existing SMIP monitoring program to assess signs
of GBT through examination of the lateral line;

° the lateral line monitoring would be an earty warning sign of GBT, evauation of the
extent of GBT would be based on the monitoring of externa signs of GBT in the fing
eyesandheadaress,

°  the external monitoring for signs of GBT that had been conducted on a three day a week
basis since March was changed to an every day bass.

With that agreement in place FPC consulted with Phyllis Barney, USFWS and:
° developed a protocol for monitoring;
° trained the crews a the SMP sites; and,

® initiated the sampling end data collection of GBT latera line microscopic monitoring on:
May 12 - Menary Dam;
May 17 - John Day Dam;
May 17 - Bonneville Dam:
May 18 - Little Goose Dam;
May 19 - Lower Monumental Dam.

In the early part of the microscopic monitoring it became apparent that the data on the |ateral line and
internal signswould be difficult to intepret and utilize On the evening of May 19, NMFS prepared a
draft monitoring plan and provided to FPC and ODFW for review. It established the management criteria
for GBT dgns as follows:



° the volume of water will be reduced when signs of GBD exceed 5 % in juvenile sdmonids
and/or 2% in adult sdmonids at any location. The draft went on to say that unusual, or
unexpected events would invoke achangein spill levels,,

On May 20 NMFS submitted the find monitoring program to DEQ and the criteriafor management
of the spill program was modified from the agreed upon version with the addition of the following
statement relative to the internal monitoring;

¢ “If at any time GBD detected through internal examination exceeds the above action
levels at two consecutive projects in any daily sampling period,..., spill level at
upstream projectswill be decreased to avoid detrimental impactsto fish.”

Subsequent data collection has further increased doubt regarding the applicebility and utility of the
lateral line and internal signs of GBT monitoring., The interpretation of the data appears to be subjective
and the collection of data can be affected by the methods of collection. Specificaly:

® According to Phyllis Barney, USFWS (memo dated May 31.1994) “..The fish being
sampled are otherwise appearing healthy. The extent of the bubbles seen in these fish
is very small. The impact on the gills is minor as good blood flow was observed above
and below the bubbles on theindividud filaments. Theinternd sgnshave dso been a
a very minor level. In hatchery fish my experience with these very low levels of signs,
and smdl number and 9ze of bubblesarethatt thefish can fully recover fromthese
“‘effects. The levelsare not lethdl to the fish. Once the level of supersaturation is reduced
or eiminated, the fish begin to rid themselves of the bubbles. "

@ Samplestaken at Lower Granite Dam on May 26 and June 2. indicate tbat 27% of the
fih sampled exhibited smilar signs of GBT. No spill occurred above Lower Granite
except for Dworshak Dam, which is 74 miles above Lower Granite with 42 miles of free
flowing river.

®  The presence of the signs of GBT does not correlate with flow or spill.

®  Changes ‘in technique yield changes in the incidence of bubbles, eg.,
Jume 2, Bonneville Dam - beginning with this sample personnel changed
from using a dry paper towe to hold the fish to a wet paper towel. The
incidence of lateral lii bubbles decreased.

To-date, McNary Dam- SMP personnel observe and dissect thelateral

line under water, rather thanin the air. Lateral line bubbles have not
been observed.
June 6, John Day Dam - Because of the difficulty in dissecting the
laterd line to obtain a good view of bubbles an dternate procedure was
recommended by USFWS. The laterad line is dissected and milked for
bubbles with detection by pouriag water on top of the lateral line. The
incidence of reported latera line bubbles increased.

In conclusion, the interpretation of the existing data set regarding tbe interna monitoring signs of
GBT appears to be subjective and premature. Thereisahigh likelihood that the data set may contain
atifacts of the methods used for the monitoring procedure. There has not been sufficient time elapsed
betwe(ejen the initiation of a new procedure and protocol, and the alterarion and standardization of
procedures.

471-94.mf



FISH PASSAGE CENTER

2501 SW. FIRST AVE. . SUITE 230 . PORTLAND, OR97201-4752
PHONE (503) 230-4099 . FAX (503) 230-7559

DATE: May 27, 1994

TO: Smolt itoring Pro-gram Crews
FROM: Margarer-Filardo

RE: Gas Bubble Symptom Monitoring

Congratulations on ajob well done. Thank you for staying with us while the program was

developed. We redlize that this additional monitoring task has been difficult for most of our crews. Your .

willingness to work with Usis appreciated. The good newsisthat things have cdmed down and the data
are being distributed to al interested parties ona regular basis. The Fii Passage Center is serving as
the central repository for dl the data collected, and if anyone asks you for data. they can contact us. We
need to do some housekeeping 10 clear up some of the questions being asked over the past few weeks.

1. The data should continue to come to the Fish Passage Center as two or threeseparate reports
from MCN. LWN & LGS only. In thecmments section indude

a) Externd Symptoms: Continue to report in the comments as you have been doing. e.g.
EXT: HCHI x/sample: WCH1 x/sample, ETC.

»  Interna Symproms: We have agreed 1o provide acompete listing of these dam asthey
come in. Therefore. you should be reporting in the comments:
INT: TOTAL (EXLL X130: INLL X/30: GE X130: INSY X/30. TOTAL isequa
to the total number of fish affected with symptoms in this sample. In addition. we would
like you to FAX your data sheets for the past week to the FPC every Wednesday
morning. We will besummarizing areport for the federd fishery agenciesregarding the
severity of the symptoms noted. Keep good notes in the comments section on the data
sheets. Attached you will find a leter from Earl Dawley regarding the monitoring being
doneat Bonneville Dam. His suggestions pertainto all the Stes: pleaseincorporate them
into your routine.

21 Separator Sample: Attransportation sires. samples are being retrieved off the separator
in addition 10 the sample being taken from the sample rank. Continue with this activity
until we notify you otherwise. Thii isto be reported separately in the commentsin the
following format: SEP: HCH1 X/SAMPLE: HST x/SAMPLE.

| hope this clears up some of the confusion regarding the reporting. |f youhaveany further questions
just contact me. Thanks again for an outsanding job on your part!

‘3 +37-94 mt %J‘M—" g/
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DAILY SUMMARY _ 1*1 JUNE 1994
§ ' ;
1994 SNAKE AND COLUMSIA RIVER GAS BUBBLE DISEASE MONITORING .
JUVENILE SALMONID SAMPLING AT FGE PROJECTS | : : :
__ UTTLEGOOSE DAM MCNARY DAM THE DALLES DAM] BONNEVILLE DAM
N |Nw/GBD: %GBD i e wiGBD | % GBD N Nw/GED | % GBD N | NwGBD | %6BD
CHIN- FGE studles completed : 103 0 0 FGE studios completad
WCHIN-1 | for the eeison i : for the sanson
CHIND '
HST ! 100 0 0 :
WST |
Ws0 :
COHO 3
TOTAL 203 0 0 :
ADULT SAMPLING o :
BONNEVILLE DAM {CE HARBOR DAN| I LOWER GRANITE DAM : UMATILLA
N Nw/GBD | % GiBD N Nw/GBD | % GBD N Nw/GBD | % GBD ) Nw/GBD | % GBD
CHINOOK 29 [ 0 5 0 0. 6 0 0 2 - 0 0
SOCKEYE i ] '
STEELHEAD 16 0 ) '
TOTAL a4 0 0 5 0 o ! &8 0 0 2 0 0
: 1 i
NMFS RIVER REACH SAMILING - JUVENILE SALMONIDS i
< BONMEVILLE < {CE HARBOR i < PRIEST RAPIDS JOHN DAY RESERVOIR
N Nw/GBD | % GBD N nweep | %GBD - N NweBD | %eep | N Nw/GBD | % GBD
CHIN-1
WCHIN-1
CHIN-O
HST ]
wsT i
wWso i
CoHo
TOTAL
NONSALVONIDS 102 0 o

Page 1
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NETPENS2.XLS

l l il | I I

NET PEN STUDIES 1994 SNAKE AND COLUMBIA RIVER GAS BUBBLE DISEASE MONITORING
! | l
< BONNEVILLE DAM < IGE HARBOR DAM < PRIEST RAPIDS DAM
DATE *9-13 MAY 1994 |
TOG % sat. - |
N N w/GBD | NMens N N w/GBD | N Moarts N N wiGBD | N Morts
HeWino | B0 12 (] 62 17 4
NONSALMONIDS a .
CONTROL PEN o B
HCHINO | 20 0 0 10 | .2 1
NONSALMGNIDS - _
DATE “16-20 MAY 1994 1 N
TDG % sat.  ["113-118 "8 |
N N w/GBD | N Morts N N w/GBD | N Morts N Nw/GBD | N Morts
{HcHING 30 0 0 67 1 2 ** T
NONSALMONIDS L
CONTROL PEN 1 —

HCHNG | 20 ) o* 12_|. o 0
NONSALMONIDS N

* Two fish unaccounted for; sither escaped or undocumented mortality.

=¥ 39 fish unaccounted for; either escaped or undocumentad mortality.

|Net pen has been relocated away from area of high water velocity. |

#
.
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FISH PASSAGE CENTER
2501 SW. FIRST AVE . SUITE 230 * PORTLAND, OR 97201-4752
PHONE (503) 230-4099 « FAX (503} 230-7559

MEMORANDUM

DATE: March 28, 1994

TO: FPAC o

FROM: Larry BW

RE: Mainstem Adult Trapping Facilities - Recording Gas Bubble Trauma symptoms. head or

other wounds noted on handled fish.

During the 1993 adult fish migration on the Columbia River. fairly high levels of spill were prevaent
a al mainstem dams in mid to late May. Dissolved gas levels ranged as high as 141% saturation in the
Snake River. Head injuries were recorded by WDW fish counters at the fish counting windows and a
trapping Sites. Few injuries of any type were noted a Bonneville Dam, increased injury rates at John
Day Dam, and at Lower Granite Dam head injuries averaged about 9% of the total sample of adult
salmon from mid-May through mid-July.

This year is not shaping up as a high flow year: however. high flow/spill conditions can sometimes
preval for short durations, as weather is not a controllable item. The FPAC recommended that an adult
fish monitoring program be initiated or continued during 1994 at the mainster trapping Sites. and that
records of fish condition be made available to the Fish Passage Center on a weekly bass. A standard
reporting format should be used to record data from individuad fish. A summary of sampled fish should
be compiled weekly, and should be mailed or FAXd to the FPC. The summary shouid include the
following:

1. Sampling Dates for Week

2. Number of Fish Sampied Per Week

3. Number of Fish Rated Good to Excellent Condition

4. Number ‘of Fish with Head Burns

5. Number of Fish with Gas ‘Bubble Trauma Symptoms

6. Comments on Fish Condition or Adult Passage for the Week

Please observe the caudai. and. and dorsa tin for presence of ar embolisms. In addition. the roof
of the mouth should be observed to assure no bubbles have setled in that area as well.

The attached data sheet can be duplicated and sent (fax preferred) to the FPC on Wednesday or
Thursday of each week. Please cdl me a the Fish Passage Center. 503/230-4287, if you have questions
regarding the information required for the weekly summary. Additiond fisk quaity information can be
sent with that listed above. but mainly, we are interested in monitoring adult fish for Gas Bubble Trauma.
symptoms and presence of head burns which may or may not be related to Gas Bubble Trauma
symptoms.  Some of the information may be used for the FPC weekly report.

cc. Jeff Fryer, CRITFC
Jerry Harmon, NMFS
+» 1edBjornn, U of | Fisheries Coop Unit A’.H @ (,wa,-\'k l {

E%



WEEKLY SUMMARY ‘OF ADULT FISH MONITORING
FOR GAS BUBBLE SYMPTOMS AND BEAD BURNS

week of

p—

[ Sample Dates # Sampled # Goed Condition | # Head Burns # GBD

|

Examine each fish for quaity and condition. Total to be recorded under # Sampled.

Record fish under # Good Cond., if there are no visble marks or injuries noted on fish.

Head burns would include al injuries from the top of the head (eye area) to the fleshy portion of the
fidh's back, and recorded under # Head Burns. The head will be scalped (skin removed) or attached

in some cases. The head area may be exposed to the cartilege.
4. The tins should be examined for presence of air embolisms. then the head area (gill cover and eyes),

and finaly the roof of the mouth. If bubbles are found. record under # GBD.

W=

FAX or_ mail weeklv summary to:
Fish Passage Center
2501 SW Fii Ave. Suite 230
Portland, OR 97201.4752.
FAX #: (503) 230-755-P

195-94.1b



C.C: AF

FISH PASSAGE CENTER

2501 SW. FIRST AVE. SUTTE 230. PORTLAND, OR 97201-4733
PHONE (503) 230-4099 . FAX (503) 230-7559

MEMORANDUM

DATE: May 24, 1994

TO: Files

FROM: La.rry“‘g;sham, FPC

RE: GasBubble Trauma (GBT) Symptoms-Adult Monitoring

| spoke with both Todd Klag, WDFW, and Brian Ziierman, Umatilla Tribe, regarding adult
sampling at fish counting site (Walla Walla District) and at Three Mile Dam on the Umatilla River.
Todd also informed me that Rudy Ringe was examining fish a Ice Harbor Dam for the presence of gas
bubble symptoms. The Bonnevilie and Lower Granite sites have been routinely operating this season.
The following schedules are listed.

Bonneville Dam - CRITFC and ODFW are sampling fish (steelhead and chinook) for age, hatchery/wild,
condition, and gas bubble symptoms on a three day per week regime, Monday, Wedneday, and Friday.
Wereceive GBT information from Jeff Fryer.

Lower Granite Dam - The NMES is sampling CWT fish at the trapping site for presence of GBT
symptoms as well as for overdl condition of the fish passing the project. We recelve information from
the trapping on a weekly basis (Wednesday).

|ce Harbor Dam - The U of | is sampling a portion of the fish passing the south fish ladder. | believe
the total sampled to be 24 chinook or 10% of the previous day’s fish count a the dam, whichever is less.
This is an add-on to catch fish that might be exposed to higher levels of dissolved gas below Ice Harbor
Dam. It gppears that the levels stay near 117% saturated most of the day.

Umitilla (Three Mile Dam) - Brian Zimmerman indicated that they were capturing adult fish at the dam
and are looking for gas bubble symptoms among other things. One hundred percent of the fish are
sampled at the dam and hauled upstream for release depending on date and river flow. He said that they
had one questionable looking fish that might have been impacted by GBT as the fish had liquid noted just
posterior to the eyes. During today’ ssampling asimilar symptom was observed in another fish, and it
was determined that the injury was due to mechanical injury.

Fish Counting Facilities - Fish counters are looking for gas bubble trauma symptoms on adaily basis,
and these are reported to the fish count supervisor. So far, reports have shown minimal suspected
damage from gas bubble trauma; four or five fish were noted with scalped heads since May 12. Todd
will later summeat ze the dam for the Waila Waila District projects.

oy 394 / l““"’"’w"‘+ \Z
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starting at 0033 12 JUN 1994

for a continuation see reports 107 & 108

WA TM BARD TD GAS GAS N2 02 SPILL
DATE TIME DEG F FRES FEES % PEES FRES QS
0612 0100 055.9 0726.0 0855.0 117.8 661.0. 131.0 000.0
0612 0200 055.c 0726.0 0857.0 118.0 660.0 191.0 000.0
0612 0300 055.2 0722.0 0837.0 115.9 64"3.0 183.0 000.0
0612 0400 055. 0 0725.0 0814.0 112.3 633.0 180.0 000.0
0612 0500 055.8 @726.0 B821.8 113.1 638.0 186.0 000.0
0612 0600 055.8 0726.0 0833.0 114.7 644.0 188.0 000.0
0612 0700 055.6 0726.0 0831.0 114.5 643.0 185.0 000.0
0612 0800 055.8 0725.0 0825.0 113.8 639.0 184.0 000.0
0612 0900 055.8 0724.0 0830.0 114.6 645.0 186.0 000.0
0612 1pp@ B5S5.& 0725.0 0826.0 113.9 643.0 184.0 000.0
0612 118@ 055.9 0725.0 0841.0 116.0 645.0 192.0 000.0
0612 1200 056.1 0725.0 0859.0 118.5 665.0 194.0 000.0
0612 1300 055.9 0724.0 0843.0 116.4 656.0 18&.8 000.0
0612 1400 056.1 0720.0 0838.0 116.4 650.0 190.0 000.0
0612 1500 056.7 0724.0 0841.0 116.2 653.0 186.0 000.0
0612 1600 056.5 0721.0 0841.0 116.6 654.0 186.0 000.0
0612 1700 056.5 0720.0 0849.0 117.9 661.0 1°"30.0 000.0
0612 1800 056.7 0721.0 0853.0 118.3 661.0 1"31.0 000.0
0612 1900 056.5 0721.0 0851.0 118.0 653.0 189.0 000.0
0612 2000 056.7 0721.0 0851.0 118.0 660.0 191.0 000.0
0612 2100 056.7 0721.0 0851.0 118.0 660.0 189.0 000.0
0612 2200 056.7 0720.0 0852.0 118.3 659.0 190.0 000.0
0612 2300 056.5 0720.0 0853.0 118.5 660.0 189.0 000.8
0613 000 05G.7 0719.0 0853.0 118.6 664.0 188.0 000.0
0613 0100 056.7 0719.0 0851.0 118.4 663.0 190.0 000.0

TOTAL DISSOLVED GAS REPORT FOR GRAND COULEE

starting at 0033 12 JUN 1934

WA TM BRAROD TD GAS GAS N2 02 SPILL
DATE TIME DEG F PRES PRES A PRES FRES &S
0612 0100 055.8 0741.0 0804.0 108.5 642.0 179.0 000.0
0612 0200 055.2 0742.0 0804.0 108.4 643.0 173.9 000.0
0612 0300 055.2 0742.0 0803.0 108.2 637.0 170.0 000.0
@&12 0400. 055.0 0739.0 0804.0 108.8 C48.0 170.0 000.0
0612 0500 055.0 0741.0 0804.0 108.5 630.0 180.0 000.0
0612 0600 054.9 0739.0 0805.0 108.9 653.0 163.0 000.0
0612 0700 054.7 0739.0 0808.0 109.3 637.0 174.0 000.0
0612 0800 054.5 0739.0 0811.0 109.7 632.0 183.0 000.0
0612 0900 055.0 0737.0 0811.0 il0O.O 645.0 174.0 000.0
0612 1000 055.6 0737.0 0813.0 110.3 631.0 1"31.0 000.0
0612 1100 055.9 0738.0 0809.0 109.6 &37.® 181.0 000.0
0612 1200 056.1 0738.0 0805.0 11@9.1 636.0 181.0 000.0
0612 1300 056.1 0738.0 0808.0 109.5 634.0 190.0 000.0
0612 1400 056.1 0738.0 0807.0 109.3 628.0 173.0 000.0
0612 1500 056.5 0738.0 0807.0 109.3 633.0 177.0 000.0
0612 1600 056.5 0737.0 0807.0 109.5 644.0 i&%.@ 000.0
0612 1700 056.1 0738.0 0804.0 108.9 639.0 185.0 000.0
0612 1800 056.5 0738.0 0803.0 108.8 628.0 17"3.0 000.0
0612 1"300 056.1 0738.0 0805.0 109.1 637.0 180.0 000.0
0612 2000 056.1 0736.0 0804.0 109.2 636.0 173.0 000.0
0612 2100 055.9 0737.0 08B3.0 109.0 623.0 189.0 000.0
0612 2200 055.8 0736.0 0802.0 103.0 636.0 181.0 000.0
06"12 2300 055.2 0736.0 0800.0 108.7 637.0 174.0 000.B
0613 000 055.2 0733.0 0802.0 109.4 636.0 170.0 000.0
0613 0100 055.0 0732.0 0802.0 103.6 631.0 178.0 000.0

TOTAL DISSOLVED GAS REPORT FOR BOUNDARY (Caﬂwua“ﬂ hdberachiond Boundor

u/a‘l‘-f-vs )

TOT NUMB .
OR GATES
108.6 000.0
079.0 000.0
076.3 000.0
063.5 000.0
066.4 000.0
8.5 000.0
059.3 000.0
077.3 000.0
097.5 000.0
147.9 000.0
156.5 000.0
175.7 000.0
181.1 000.0
181.1 000.0
181.1 000.0
199.9 000.0
205.2 000.0
194.2 000.0
209 .4 000.0
209.4 000.0
219.1 000.0
204 .3 011.0
169.2 000.0
141.7 000.0
104.3 000.0
TOT NUME
ar GATES
108.6 000.0
079.0 000.0
076.3 000.0
063.5 000.0
066.4 000.0
068.5 000.0
059.3 000.0
077.3 000.0.
037.5 000.0
147.3 000.0
156.5 000.0
175.7 000.0
181.1 000.0
igt.1 000.0
181.1 000.0
199.9 000.0
2B5.%2  000.0
1"34.2 000.0
209 .4 000.0
209.4 000.0
219.1 000.0
204 .3 011.0
169.2 000.0
141.7 000.0
104.3 000.0
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FAX. To: BOLYVONG TANOVAN @ (503)326-4161
JIM ATHEARN @ (503)326-7328
HARDCOFY TOQ: BOB DACH

Lgmcm'zcr:. DA . | paTE: é/}a/?q'
IOCATION: | ¢ ‘ | 2 3 /

TIME: | 253 & 055! Bho R 0625
BE(BAR): | &/ Pl Pl 1 Zbf
TBP(FT) : | /€ £ p | 8o7 869

TDG(PE/BAR) ¢ | 20 a M2 Ar86e. Z 114 2
TEMP: | 757 2°0 2550 e 5.1 & )5/ e
SPILL; | /7.2 Acfs ‘ ?

DISCEARGE: | /75 F kels #

a AVERAGE TDG: //&.[

COMMENTS : (Shere line mortality, active predation, weather cond., este.)
# Adutt Pl potteeh, Colm , very /iftfe pRE2ATIGN .

T

@ TDA ReROABS L ror BE  AvalABLE
puNTIL. @ 1200 fes, = BoAr FroBiems ..

FREDE DCATIONS @

JDRA~1 Hal f -way between spillbays 1 & 20, across fromthe end of the nav
| ockgui de wall at the boat restricted zone boundary (two readings,
30 m nutes between readings).

JDa- 2: Half-way between spill bays 1 & 20, underneath power |ines
(one readi ng) .

JDA- 3: Hal f -way between power house bays 1 & 28, underneath power |ines
(one reading) «

TDA- 1: H d-river channel across fromgreen Coast Guard channel marker just
downstream of nav i entrance (two readings, 30 mnutes between
readi ngs) .

TDA-2 . Approxi mately 200 neters fromthe O egon shore, across from green

Coast @uard channel marker [one reading).
PROBLENS: Beb Dach {503)256-8968 (hame}

Gary Jehnson (503)326~5073 (portland dist.)
{(509)427-8652(-hone)

ket 1S



APPENDIX D DATA SUMMARIES



The following data was obtained from the Fish Passage Center. Data is available for the period
from approximately May 11, 1994 through June 30, 1994, The data as provided by Fish Passage
Center consisted of a number of daily summary reports covering containing approximately one
weeks data. The study team unbound these reports and prepared a separate data set in chronically
order for each type of data. The majority of the monitoring activities ceased on June 20, 1994
when the emergency spill stopped. The external examination of smolts conducted by the Smolt
Monitoring Program continued until September 16, 1994. No external clinical signs of GBT were
detected during the Period of July 1, 1994 to September 16, 1994. The daily summaries for this
period were omitted from Appendix D.
The following types of data are included in this section:

Draft Conclusionsand Recommendations

Cover Sheet and Abbreviations

Lower Columbia River Smolt Monitoring Program Results- External

Snake River Smolt Monitoring Program Results - External

Separator Results - Externd

Lateral Line and Internal Symptoms - Juvenile Hatchery Steelhead

Fish Guidance Efficiency Monitoring - Externd

Resident Fish Monitoring - External

Net Pen Monitoring

Adult Monitoring - Externd

Total Gas Pressure - Daily Averages and Instantaneous Highs

Tg;agll Gas Pressure - Average of 12 highest Reading, 24 hour Averages, Highest
Reading

Total Gas Pressure - Tailwater |nstantaneous From Manually Deployed Probes



FISH PASSAGE CENTER

2501 SW. FIRST AVE. « SUITE 230+ PORTLAND, OR97201-4752
PHONE (503} 230-4099 « FA X (503) 230-7559

DATE: June 10, 1994

TO: | nterestedParties

FROM: Michele DeHart, FPC

RE: Dally Dissolved Gas and Biological Monitoring Data- PLEASE NOTE:

Attached is the daily monitoring information. The following points should be considered in utiliig

this information. Please cdl if you have any questions regarding this information.

The dissolved gas data from redundant sitesis being collected on a daily basis by the COE. The
COE has decided not to provide the data. The Situation is being discussed.

Severd modifications of sampling technique have occurred which have been reflected in the incidence
of bubbles, specificaly, June 2 a Bonnevillepam and June 6 a John Day Dam.

The externd incidence of gas bubbles is documented on the basis of examination of a large number
of fish at each site. The sample numbers are adequate to detect signs of GBT and most Sites monitor
more fish than required.

The laterd line microscopic monitoring is conducted three times a week . A sample of 30 hatchery
sedlhead are sacrificed for the examination three times a week.' The latera line is observed in a two
step process,. including an examination of the intact laterd line with a dissecting scope (laterd line
external), and an examination of the laterd line after the skin is peded back (laterd line interndl).

The laterd line microscopic and internal examinations record al symptoms. There is no indication
of severity in this data Thusfar all symptoms are classified as minor, that is few bubbles.

Tre laterd line bubbles are not indicative of direct mortality or morbidity. In addition, the relation
of exhibited lateral line bubbles to nitrogen supersaturation is not clear. The National Marine
Fisheries Service has convened a pand to assess this information.

Samples of steelhead were sacrificed at Lower Granite Dam for microscopic sampling on June 1 and
on May 27. Lower Granite Dam is upstream from the spill passage program.  The dissolved gas
standard of 110 % was exceeded on one hour, on one day from May 18 through May 31. On both
May 27 and June 1, 25% of the steelhead sampled showed signs of gas bubble trauma.

The laterd line microscopic data does not seem to correlate with dissolved gas level or spill level.
The lateral line symptoms may relate to the manner in which the fish are collected and sacrificed for
examination.

) 459-94.md A “H'a OLW _[__ _'.L



Fish Passage Center June 10, 1994
Gas Bubble Symptom Monitoring Summary
Abbreviations:

HCHI = Hatchery Yearling Chinook
WCH1 = Wild Yearling Chinook

CHO = Subyearling Chinook
HST = Hatchey Stedhead
WST = Wild Steelhead
HSO = Hatchery Sockeye
WSO = Wild Sockeye

co = Coho

# Samp = Number of each species examined

#0bs = Number of fish observed with gas bubble symptoms
% GBS =(# Obs/ # Samp) X 100

% TDG = Percent Tota Dissolved Gas saturation

Morts = Number of mortalities

NMES sampling Programs
Juvenile salmonid sampling at FGE projects;
Fish that are guided into the gatewell a projects testing guidance devices are observed for

externad symptoms. A subsample of these fish are observed for gas bubbles in the laterd line.
The occurrence of symptomsis expressed as a percent of me total number of fish observed.

River Reach sampling: ' _ _ _
Salmonida are observed as described above. Nonsalmonids consist of resident fish.

Adult sampling:
Adults are observed for externa signs of gas bubble trauma a Lower Granite, Ice Harbor and
Bonneville dams.



YMETOMS/

RGDLUMBIASMEGAS BUBBLE:

MCN JDA BON ‘

# OBS |# SAM | % GBS|# 0OBS |# SAM 1% GBS |# OBS.|# SAM [% GBS

05/11 CH1 0 1,246 0.0%) 0. 118 . 00% 0 101 0.0%
CHO 0 5 0.0%) - 0 0 103 0.0%

HST ) 346 0.0%] 0 139 0.0% 0 108 0.0%

WST 0 68 0.0%) 0 103 0.0% 0 100 0.0%

co 0 958 0.0%} 0 118 0.0% 0 102 0.0%)

HSO ) 17 0.0%] . 0 22 0.0% 0 4 0.0%|

Wso 0 286 0.0%] 0. 182 |  0.0% - 56 | .. .

All Species 0 2,926 0.0%) 0 627 0.0%) 0 569 0.0%)
05/12 CH1 0 1,336 0.0%) 0 775 0.0% 0 100 0.0%|-
CHO 0 15 0.0% 0 1 0.0% 0 100 - 0.0%

HST 0 261 0.0% 0 347 0.0% ° 113 ] 0.0%

WST 0 57 0.0% 0 185 0.0% of. 107 00%

co 0 886 0.0% 0 341 0.0% 0 100 0.0%

HSO 0 5 0.0% 0 6| 00% - 0 -

WSO 0 182 0.0% o| 147 0.0% 0 100 0.0%

All Species 0 2,742 0.0% o] 1,802 0.0%| 0 620 0.0%
05/13 CH1 0 1,033 0.0% 0 121 0.0% 0 104 | . 0.0%|
CHO - ) - - o - 0 104 0.0%

HST 0 204 0.0%) 0 110 0.0%, 0 100 0.0%

WST 0 50 0.0% 0 105 0.0% 1 108 0.9%
co 0 657 0.0%) 0 104 0.0% 0 100 | - o0.0%|:

HSO 0 5 0.0%] 0 11 0.0% o] 18 0.0%

Wso 0 121 0.0% 0 114 0.0% 0 105 0.0%

All Species 0 2,070 0.0%) 0 565 0.0%) 1 634 0.2%
0514 CH1 0 899 0.0% 0 202 0.0% 0 163 0.0%]
CHO - 0 - - 0 - 0 134 0.0%

HST 0 146 0.0% 0 120 0.0%| 0 113 0.0%

WST 0 48 0.0% 0 a7 0.0% 0 106 0.0%

co 0 396 0.0% o] a6 0.0% 0 353 0.0%

HSO 0 - 0} : 8 0.0% 0 5|, 0.0%

Wso 0 94 0.0% 0 108 0.0% 0 147 0.0%

All Species; 0 1,583 0.0% 0 695 0.0% 0 1,021 0.0%

05/15 CH1 0 1,188 0.0% 0 103 0.0%] 0 175 | 0.0%]
CHO 0 16 0.0% 0 1 0.0% 0 122 0.0%

HST 0 170 0.0% 0 109 0.0% 0 98 0.0%

WST 0 44 0.0% 0 100 0.0% 1 04 1.1%

co 0 323 0.0% 0 134 0.0% 0 426 0.0%

HSO 0 3 0.0%) 0 15 0.0% 0 12  0.0%

Wso 0 62 0.0% 0 127 0.0% 0 142 0.0%

All Species; 0] 1,806 0.0% ] 589 0.0% 9 1,069 0.1%)
05/16 CH1 0 1,068 0.0%] 0 104 0.0% 0 107 0.0%
CHO 0 8 o.o%‘ . . 0 0 108 0.0%

HST 0 a3 0.0% 0 122 0.0% 0 101 0.0%

WST 0 28 0.0% 0 68 0.0% 0 62 0.0%

co 0 168 0.0%) 0 100 0.0% 0 104 0.0%

HSO 0 2 " 0.0% 0 9 0.0% 0 4 0.0%

WSO o} 72 0.0% 0 140 0.0% 0 115 0.0%

All Species: 0 1,439 0.0% 0 552 0.0% 0 596 0.0%

0517 CH1 0 966 0.0% 0 109 0.0% 0 103 0.0%
CHO 0 7 0.0% 0 0 127 0.0%

HST 0 83 0.0% 0 101 0.0% 1 100 1.0%

WST o 19 0.0% 0 91 0.0% 4 101 4,0%

co 0 170 0.0%) 0 181 0.0% 0 101 ]  0.0%

HSO 0 2 0.0% 0 12 0.0% 0 16 0.0%)

Wso » 0 58 0.0% 0 68 0.0%] 0 116 0.0%

All Species; 0 1,305 0.0% 0 512 0.0% 5 664 0.8%




05/18

05/19

CH1
CHO
HST
WST

e

HSO
WSO
Ail Specie!
CHA1

CHO

05/20

05/21

05/22

05/28

05/24

HST

WST

co

HSO

wso

All Species
CH1

CHO

HST

WST

co

HSO

WSO

Ail Speclea
CHA1

CHO

HST

WST

co

nso

WSO

All Speclea
CH1

CHO

HST

WST

co

HSO

wso

Ail Speciea
CH1

CHO

HST

WST

co

HSO

WSO

Ail Specios
CH1

CHO

HST

WST

co

HSO

WSO

Ail Species

1994 LOWER COLUMBIA SMP GAS BUBBLE SYMPTOMS

MCN JDA BON _

# OBS |# SAM | % GBS|# OBS |# SAM [% GBS |# OBS |# SAM [% GBS
0 1,856 0.0%] 0| 115 0.0% o 111 |- 0.0%
0 12 0.0% 0 2 0.0% 0 102 0.0%
0 78 0.0%) 0 124 0.0% 0 103 0.0%
0 21 0.0%| 0 57 0.0%) C1 102 1.0%
0 151 0.0% 0 126 0.0%) 0 100 0.0%
) 3 0.0%) 0 10 0.0% 0 4 0.0%
0 115 0.0%| 0 129 0.0%] 0 102 0.0%
0 2,236 0.0%{ 0 563 0.0% 1 624 0.2%
0 1,927 0.0%) 0 128 0.0%] ) 157 0.0%
) 11 0.0%) 0 1 0.0% 0 103 0.0%
0 112 0.0%) 0 100 0.0%) 0 105 0.0%)
) ) 0.0% 0 111 0.0% 5 89 5.6%
0 87 0.0%) ) 156 0.0% 0 222 0.0%
) 3 0.0% 0 5 0.0%) ) 6 0.0%|
o 152 0.0 0 o4 0.0% 0 102 0.0%
0 2,328 0.0 [} 595 0.0%) 5 784 0.6%
0 1,105 0.0%| ) 118 0.0% 0 101 0.0%
0 15 0.0%) 0 2 0.0%) 0 100 0.0%)
0 114 0.0%) 0 115 0.0% 1 92 1.1%
0 28 0.0%) 0 o2 | . 0.0% 2 61 3.3%
0 69 0.0% 0 106 |  0.0% 0 100 0.0%;
0 5 0.0%] 0 2 0.0%) 0 2 0.0%
) 133 0.0%| 0 81 0.0% 0 100 0.0%
0 1,469 0.0%{ 0 516 | . -0.0% 3 556 0.5%
0 1,376 0.0% 0 129 0.0%] 0 113 0.0
0 29 0.0%| 0 1 0.0% 0 108 0.0%
0 117 0.0% 0 125 | 0.0% - 0 34 0.0%)
0 37 0.0%) o 02 |- 0.0% 0 18 0.0%
0 57 0.0% 0 107 0.0%] 0 111 o.o%‘
0 4 0.0%) — ‘0 0 1 0.0%)
0 201 0.0%) 0 116 0.0%| 0 24 0.0%
0 1,821 0.0% 0 570 0.0%) 0 409 0.0%
0 1574 0.0%) ) 105 0.0% 0 43 0.0%)
0 26 0.0%) - 0 ) 205 0.0%
0 87 0.0% 0 104 0.0% 0 20 0.0%
0 31 0.0%) 0 26 0.0% 0 13 0.0%
0 45 0.0%) 0 110 0.0% 0 101 0.0%]
0 8 0.0%) 0 1 0.0% “— 0
o 392 0.0%) 0 B8O 0.0% ) 4 0.0%)
0 2,163 0.0%) 0 435 0.0% 0 386 0.0%
0 1,579 0.0% 0 104 0.0% 0 38 0.0%
0 16 0,0% 0 1 0.0% 0 100 0.0%

.0 118 0.0%| 0 126 0.0% 0 12 0.0%
0 52 0.0% 0 106 0.0%) 0 12 0.0%
c 24 0.0%|" 0 100 0.0% 0 101 0.0%
0 15 0.0%) 0 107 0.0%! 0 2 0.0%
0 312 0.0% 0 1 0.0%) 0 16 0.0%
0 2,118 0.0% 0 545 0.0% 0 281 ) 0.0%
0 1,540 0.0% 0 128 0.0% 0 79 0.0%]
0 27 0.0%) 0 2 0.0% 0 106 0.0%
0 181 0.0% 0 282 0.0%) 0 24 0.0%
) 48 0.0% 0 143 0.0% 0 19 0.0%
0 20 0.0% 0 143 0.0% 0 101 0.0%
0 9 0.0%) 0 3 0.0%) 0 1 0.0%
0 589 0.0%| 0 109 0.0%) 0 16 0.0%
0 2,421 0.0% 0 810 0.0%) 0 346 0.0%




05/25

05/26

05/27

05/a8

05/29

05130

05/31

CH1
CHO
HST
wsT
co
HSO
WSO
ALL Species
CH1
CHO
HST
WsT
co
HSO
WSO
ALL SPECIES
CHA1
CHO
HST
wsT
co
HSO
wWso

.All SPECIES

CH1

CHO

HST

WSsT

co

HSO
WSO,

ALL SPECIES
CH1

CHO

HST

WSsT

co

HSO

WSO

ALL SPECIES
CH1

CHO

HST

wWsT

co

HSO

WSO

ALL Species
CH1

CHO

HST

WSsT

co

HSO

WEYe)

ALL SPECIES

1994 LOWER COLUMBIA SMP GAS BUBBLE SYMPTOMS

MCN JDA . BON ;
# OBS |# SAM | % GBS|# OBS |# SAM |% GBS |# OBS |# SAM |% GBS
~ 0 1280 0.0% 0 T el 00% 0 48 0.0%
0 35 0.0% - 0] - 0 100 0.0
0 221 0.0% 0 72 0.0%} 0 34 0.0%
0 40 0.0% 0 47 0.0 0 31 0.0%)
ol 42 0.0%]. 0 16 0.0 0 100 0.0
0 4 0.0% 0 0 - 0 2 0.0
0 306 0.0%] . 0 . 76 0.0 0 40 0.0
o| 1928 o.to.I 0 285 0.0 0 355 0.0%
0 1,161 0.0 0| 148 0.0%] 0 69 0.0
"0 23 o.og 0 B 0.0 0 100 0.0
1 192 0.5 0 111 0.0 0 54 0.0
o 37|  o.0% 0 104 . 0.0 ol 45 0.0
0 34 0.0% 0 131 0.0 0 127 0.0
0 12 0.0 0 2 0.0 0 1. 0.0
4] 243 0.0% 0 122 0.0 1 a7 2.7
1 1,692 0.1%] 0 619 0. 1 4331 02
0 454 0.0% 0 115 0.0 of .. 107 0.0
0 5 0.0%) 0 8 o.og ol = 118 0.0
0 48 0.0%! 0 137 0.0 0 104 0.0%
0 7 0.0% 0 98 0.0% 2{ 105 1.9%
0 8 0.0%) o 100 0.0 0 102 0.0
0 6 0.0% .0 6 0.0 0 2
- 0 83 0.0%) 0 128 0.0% 0 106
0 611 0.0% 0 592 0.0% 2| - 639
0 1,241 0.0%) 0 120 0.0%]| 0 100
0 9 0.0% 0 2 0.0% 0 126
3 138 2.2% 0 127 0.0% 0 102
0 27 0.0%}. 0 80 0.0%]- 1 109
0 23 0.0% o ./ 86 0.0%) 0 110
0 11 0.0% ol 3 0.0% 0 2
0 402 0.0% 0 132 0.0%) 0 B9
3 1,951 0.2%) 0 550 0.0% 1 647
0 1,178 0.0% 0 113 0.0% ) 109
0 8 0.0% 0 2 0.0% 0 112
0 110 0.0% 0 104 0.0% ) 60
0 25 0.0% 0 28 0.0%)- 0 52
0 7 0.0% o 94 0.0% 0 104
) 10 0.0% o 6 0.0% 0 4
ol 218 0.0% 0 129 0.0% 0 95
0 1,556 0.0%} 0 476 0.0%) ol 536
0 045 0.0° ) 103 0.0%) ) 102
0 9 0.0% ol 1 0.0% 0 100
1 74 0 96 0.0% 0 68
0 13 o 34, 0.0% 0 53
0 7 of 36 0.0% 0 101
0 4 0 3 0.0% 0 3
0 161 0 128 0.0% 0 101
1 1,213 0 401 0.0%| - 0 528
0 566 0 125 0.0% 0 83
0 8 - 0 — 0 121
0 172 0 156 0.0%) 0 83
0 39 0 127 0.0% 0 40
0 7 0 86 0.0% 0 105
0 2 0 2 0.0% 0 3
0 130 0 110 0.0% 0 103
o 926 0 606 0.0% 0 538




1994 Lower Columbia River Smolt Monitoring Program Gas Bubble Symptoms
McNary Dam John Day Dam ! Bonnevilie Dam

Date | Species # Obs | # Samp | % GBS || # @bs |# Samp | % GBS || # Obs |# Samp | % GBS
06/01 | CHI1 0 968 | 0.0% 0 150 | 0.0% 0 76 | 0.0%
CHO 0 8| 0.0% 0 2| 0.0% 0| 100{ 0.0%

HST 0 256 | 0.0% 0 197 | 0.0% 0 531 00%

WST 0 5| o0o0%mf o0 38| 0.0% 0 i1 | 0.0%

Co 0 7] 0.0% 0 236 | 00% 0| 1001 | 00%

HSO 0 1] 00% 0 1] 0.0% 0 2 00%

WSO .0 141 ] 0.0% 0 89 | 0.0% 0 48 | 0.0%
|ADSpecies || . 01 1426 | o00%f o 713 ] 0.0% 0! 411l 0.0%
e — -
0602 |CHL - [ 0 79 0.0% 0 107 0 99 | 0.0%
CHO 0 24| 00% 0 5 0 0.0%

HST 0 213 0.0% 0 67 0 0.0%

WST 0 1l 00% 0 9 0 0.0%

co 0 6| o0.0% 0 37 0 0.0%

HSO 0 4| 0.0% 0 2 0 0.0%

WSO 0 72| 0.0% 0 111 0 0.0%
| Al Species || 01 1,149 | 0.0%] 01 338 | 0 __0.0%|

06/03 |CH1 0 880 |  0.0% 0 117 | 0.0% 0 70| 0.0%
CHO 0 21| 0.0% 0 21 00%ff ol 10| 00%

HST 0 373 | 0.0% 0 102 | 0.0% 0 61 | 0.0%

WST 0 37 0.0% 0 60 | 0.0% 0 34 | 0.0%

co o, 2{ 00% 0 122 | 0.0% 0 100{ 0.0%

HSO 0 4! 0.0% 0 2| 0.0% 0 2| 0.0%

WSO of -193{ 0.0% 0 105 | 0.0% 0 45| 0.0%

All Species 0l 15161 0.0% 0j 510 0.0% 0] 422 | 0.0%

06/04 |CHI 0 73| 0.0% 0 129 | 0.0% 0| 10| 0.0%
CHO 0 30| -0.0% 0 41 0.0% 0] 102 00%

HST 0| 28| 0.0% 0 59| 00% 0 44 | 0.0%

WST 0 28 0.0% 0 3] 00% 0 26| 0.0%

co 0 3| 0.0% ol 45| o00% 0 121 | 0.0%

HSO 0 2| oo%fj 0 1| 00% — 0 —

WSO 0 w2zl oco%l” o 61| 00% 0 40| 00%
Al Species | 0] 1,167 | 0.0%| ol 307 ] 0.0% 0l 443] 0.0%]

06/05 |CHI o 476| 0.0% 0 127 | 0.0% 0 83 | 0.0%
CHO 0 31t 0.0% 0 2! 00% ol 104 00%

HST 0 155 | 0.0% 0 82 | 0.0% 0 57 0.0%

WST 0 141 0.0% 0 12| 0.0% 0 19| 0.0%

‘| co 0 41 0.0% 0 49 | 0.0% of 11| 00%

HSO ~ 0 7| 00% 0 1] 0.0% — 0 —

WSO 0 132 00% 0 102 | 0.0% 0 41 | 0.0%

All Species 0 819 |  0:0% 0l 385 | 0.0% 0] a5] 0.0%

06/06 | CHI 0 22 | 0.0% 0 140 | 0.0% 0 12 | 0.0%
CHO 0 5| 0.0% 0 8| 00% 0 105 | 0.0%

HST 0 12| 0.0% 0 56 | 0.0% 0 75 | 0.0%

WST 0 4] 00% 0 2| 0.0% 0 % | 0.0%

co 0 30 0.0% 0 24 { 0.0% 0 136 | 0.0%

HSO - 0 0 — - 0

WSO Q T 0.0% 0 231 00% 0 45 0.0%

All Species 0 497 0.0%]) 0O 265 0.0% 0 507 | 0.0%

06/07 | CHI1 0 362 | 0.0% 0 116 | 0.0% 0 12t 0.0%
CHO 0 24 | 0.0% 0 22 | 0.0% o 12| 00%

HST 0 204 | 0.0% 0 51 0.0% 0 48 | 0.0%

WST 0 18] 0.0% 0 6 0.0% 0 2! 00%

co 0 4| 0.0% 0 16 | 0.0% 0 106 | 0.0%

HSO 0 0] 00% - 0 0 —

WSO 0 78| 0.0% 0 301 0.0% 0 37! 0.0%

All Species 0| 700| 0.40% 0f 241 0.0% 0 47| 0.0%

'Fish Passage Center

Page 3 Juveniles

June 7, 1994



ia Riv olt Monitoring Program = Gas Bubble Symptoms
McNary Dam John Day Danr Bonnevitle Dam
'Date Species # Obs |# Samp | % GBS || # Obs I#Sampl% GBS "# Obs |# Samp | % GBS
— e ——
06/07 |[CHI 0| 362 00%f. O 116 | 0.0% o] 12| o0.0%
CHO 0 24 oo0%l - o 2| 0.0% ol 12| oo0%
HST 0f 204 |.00%L . O 51| 0.0% 0 48 | 0.0%
WST 0 18| 00%] ‘ol 6 oo0m[ o] 22| o0.0%
co -0 4{ 00% 0 16| 0.0% 0| 106 0.0%
HSO . 0 10| 0.0% — 0 — - 0 —
WSO 0 78| 00%f © 30| 0.0% 0 37| 0.0%
All Species_| 0l 70| o0%l o 241 | 0.0% ot 447 | o0.0%
06/08 |[CHI ~ 1 o 156 | 0.0% 0| 100] 0.0%
CHO — 0 12 { 0.0% 0] 10| 0.0%
HST - ol 40| o0.0% 0| 47| 00%
WST - 0 6| 0.0% 0 19| 0.0%
co —- 0 1| 0.0% ol 10| 0.0%
HSO — - 0 - o 1| 00%
WSO — 0 62 00%) ©O1“ 251 00%
_. lauspecies | 0] ol 1 ol 207] oowll 0) 2] 00%
06/09 |{CHI 0 99| 00%) o0 107] 0.0%| o
CHO 0 8| o00% 0 11 { 00% 0
HST 0f{ 253| o00%f o0 33 | 0.0% 0
WST 0 24 | o00%f " o 11| 0.0% 0
co : 0 2 0.0%ll -0 14 | 0.0% 0
" {HSO 0 31 0.0% 0 1] 0.0% 0
Wso 0 27| 0.0% 0 95 | - 0.0% 0
; ADSpecies || 0| 416 1 o.0%| .0 272 | 0.0% 0
06/10 |CHI 0 472 0.0% 0 100 | 0.0%) O
CHO 0 15| 0.0% 0 6 0.0% 0
HST 0 298 | 0.0% 0 25 | 0.0% 0
WST 0 27| 0.0% 0 41 00% 0
co 0 41 00% /»"o 61{ 0.0% 0
HSO 0 8| 00%) 0 2| ,0.0% 0
WSO 0 57 0.0% 0 51 0.0% 0
Alspecies | ol 81| 00| ol 10a]| 00n] o
06/11 |cH1 0 397 | 0.0% 0 166 | 0.0% 0
CHO 0 191 00%f. o 8| 0.0% 0
HST 0 130 [ 0.0% 0 15| 0.0% 0
WST 0 2| o0.0% 0 91 0.0% 0
co 0 3| 00% 0 8! 0.0% 0
HSO 0 7 0.0% 0 1| 0.0% 0
WSO 0 45 | 0.0% 0 44 | 0.0% 0
| All Species 0| 603| 00% 0 251 | 0.0% 0
06/12 | CH1 0 807 | 0.0% 0 206 | 0.0% 0
CHO 0 106 | 0.0% 0 10| 0.0% 0
HST ) 81 0.0% 0 19| 0.0% 0
WST 0 10| 00% 0 8| 0.0% 0
co 0 3| 00% 0 4| 0.0% 0
HSO 0 8| 00% — 0 v 0
\70) 0 31 0.0% 0 20| 0.0% 0 28
All Species 01| 1,068 | 0.0%] 0l 267 0.0%) 0| 3nt
06/13 |cCH1 0 654 |  0.0% 0 142 | 0.0% 0 101
CHO 0 45| 0.0% 0 9| 0.0% o] 100
HST 0 114 | 0.0% 0 53 | 0.0% 0 17
WST 0 71 0.0% 0 5| 0.0% 0 11
co 0 71 00% 0 61 0.0% 0 106
HSO 0 5| 00% — 0 -1 .0
WSO 0 30| 0.0% 0 20| 0.0% 0 19
All Species o 921 00% 0 235 |, 0.0% 0ol 354

Fish Passage Center

Page 2 Juveniles

June 13, 1994



Species

CHI
CHO
HST
WST
co

HSO
WSO

06/14

06/15 |CH1 .

CHO
HST
WST
Co

HSO
WSO

All Spectes || -

# Obs

[ = =]

| All Species |
06/16 ‘| CH1
CHO
HST
WST
co

HSO

S o000 OO0 OCOOOOOQOOOIO

999 | 0.0%.
. 417 0.0%
91 0.0% 1 -

47

WSO
All Species A

06/17 |CHI1 0 316 0.0%| .
CHO 0 365 0.0%
HST 0 63 0.0%
WST 0 8 0.0%
co 0 4 0.0% 70
HSO 0 2 0.0% —
WSO 0 10 0.0% 0
All Species 0 768 0.0% 0
06/18 |CH1 0 227 0.0% 0
CHO 0 968 0.0% 0
HST 0 224 0.0% 0
WST 0 15 0.0% 0
co . 0 3] 0.0% 0
HSO 0 2 0.0% —_—
WSO 0 12 0.0% 0
Al Species 0] 1451 | 0.0% 0
06/19 |CHI1 0 242 0.0% 0
CHO 0] 1,805 0.0% 0
HST 0 162 0.0% 0
WST 0 9 0.0% ]
co 0 2 0.0% —
HSO 0 5 0.0% -
WSO 0 15 0.0% 0
All Species 6| 2240 | 00%) o0
06/20 |CHI1 ‘ — 0
CHO - ]
HST - 0
WST — 0
co —_ 0
HSO - 0
WSO — 0
All Species “ 0 0 ERR 0

0.0%

0.0%
0.0%
0.0%

‘coocoflecl cocecclleecl coovs scoocoooo

Fish Passage Center

Pape 2 Juveniles

Jume 20, 1994



||1994 Lower Columbia River Smolt Monitoring Program Gas Bubble Symptoms ||

Fish Passage Center
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MgcNary Dam John Day Dam Bomneville Dam
Species #Obs | # Samp | % GBS || # Obs |# Samp | % GBS |[# Obs |# Samp | % GBS

105

146
12

OO OQoOoOC|Ie o

SO0 O0OO0O

QOI (== e e R Y}

257

June 24, 1994



1994 Lower Columbia Smolt Monitoring Program Gas Bubble Symptomsg

I MecNary Dam John Day Dam Bonnevilte Dam
Date | Species [# Obs |# Samp | % GBS [|# Obs |# Samp { % GBS || # Obs |#§amp % GBS
0 155 | 0.0% — S
017619 | 0.0% ‘ - —
0 134 | 0.0%.[ - -
0 5 o.gg; — -
0 2| 0.0% — —
o 2] 00% — —
0 28| 0.0% — -
0117945 | o00%] o 0 —_ 0 0 _
06/26 |cHI1 | — — —
CHO — — —
HST —_ — -
WST - — —
co — -
HSO — -
WSO — -
All Species 0 0 —_ 0 0 0
0627 {CH1 0 87 | 0.0% 0 109 0
A.L2S {cHO 0115 0.0% 0o} 100 0
‘ HST 0 37 0.0% 0 4 0
JREPNSIIG w WPV 2t WST 0 1| oom|| - 0 0
sy By AL co -1 o -1 -] 0
HSO — 0 — — 0 —
WSO 0 3| 0.0% 0 9 -
All Species 019763 | — 0 222 | 0
06/28 |CHI —
CHO —
HST -
WST -1
co . -
HSO —
WSO —
All Species || 0 0 — 0 0 0
06729 |cE1 i o 1w05] 00% o 12| 00% 0
*|crO o] 49791 0.0% 0 103 | 0.0% 0
HST 0 48| 00%| - 0 —
WST 0 50 0.0% 0 1 —
co - _ 0 — - 0 0
HSO | o 1] o0om|| — 0 —
WSO _ 0 8| 00% 0 5 0
Ali Species || 0 | 5,146 -1 ol 23 0
06/30 |cH1 1 -
CHO ‘ —
HST : —
WST S —
co —
HSO —
WSO -
All Species 0 0 — 0 0
07/01 |cH1 - 0 93
CHO - 0 121
HST - 0 5
WST — 0 1
co - 0 3
HSO — — 0
WSO - 0 5
All Species | 0 0 - 0 228




# OBS [# SAM | % GBS|# OBS |# SAM (% GBS |# OBS [# SAM

05/11 HCH? 0 o5 0.0% 0 100 0,0% 0 94
WCH?1 0 5 0.0% 0 17 0.0% 0 38

CHO - 0 - — 0} — 0 1

HST 0 100 0.0% 1} 100 0.0%| 0 100

WST 0 100 0.0% 0 14 0.0% 0 11
WSO 0 gl  0.0% 0 ] 0.0%) 01 1

All' Species 0 309 0.0% 0 237 | 0.0%}. 0 245
0512 HCHI 0 96 0.0% 0 118 00%l .ol 100
WOH1 0 3 0.0% 0 34 0.0% 1] 80

CHO - 0 —- — 0 . - 0

HST o} 100| . 0.0% 0 101 " 0.0% ol 100
WST 0 76 0.0% 0 16 0.0% o 50
WSO 0 21| ° 0.0% 0 3 0.0%] 0 13

All" Species 0 296 0.0% 0 267 [ - 0.0% 0 323

0s/13 HCHI 0 - 78] 0.0% 0 100 ~ 0.0%] 0 60
WCH1 - 0 - 0 69 - 0.0% 0 53

CHO - 0 - - 0 - 01 3

HST 0 100 0.0% 0 100 0.0% 0 77

WST 0 80 0.0% 0 100 0.0% 0 51

WSO 0 19 0.0% 0 27 0.0%] . 0 14

All Species 0 276 0.0% 0 396 . 0,0%] . 0. 258

05/14 HCHI 0 28 0.0% 0 100 0.0%] 4 5822
WCH1 0 1 0.0% 0 18 0.0%} - o} 590

CHO - 0 - -~ . 0 - 0 6

HST 0 80 0.0%, o} 100 0.0% 0 1,832

WST 0 58| o0% 12 00% of ast

WSO 0 18] 0.0% 0 2 0.0% 0 30

All Species | 0 180 0.0% 0 232 0.0% 4 8,641

05715 HCHI 0 99 0.0% 0 100 0.0% a9 3,664
WCH1 0 1 0.0% 0 47 0.0% 0 261
CHO - 0 — 0 0 6

HST 0 100 0.0% 0 100 0.0%| 2 1,247

WST 0 81 0.0% 0 100 0.0% 1 358

WSO 0 13 0.0% 0 9 0.0% 1 14

All" Species o 294 0.0% 0 356 0.0% 43 5,550

05716 HCHI 0 87 [ 0.0% ) 100 0.0% 5 5,772
WCH1 — 0 - 0 21 0.0% 0 434

CHO - 0 - - o 0 8

HST 0 100 0.0%i 0 100 0.0% 1 2,800
WST -~ 0 43 0.0% 0 34 0.0% 0 426

Wso 0 16 0.0% 0 8 0.0% 0 14

Alt Species 0 256 0.0% o 263 0.0% 6 9,544

0s/17 HCHI 0 100 0.0% 0 140 0.0% 0 178
WCH1 0 — 0 105 0.0% 0 15

CHO — 0 0 2 ' 0.0%, 0 1

HST 0 100 0.0%) 0 148 0.0%] 0 153

WST 0 24 0.0% 0 102 0.0% 0 17

Wso 0 15 0.0% 0 21 0.0% 0 1

All Species 0 239 0.0% 0 518 0.0% 0 362




0s/18 HCHI
WCH1
CHO

HST
WST
WSO

All Species
HCH1 |
WCH1
CHO

HST

WST

WSO

All Species
HCH1
WOCH1
CHO

HST

WST

WSO
All Species
05/21 HCHI
WCH1
CHO
HST
WST

WSO
All Species
05/22 HCHI
WCH1
CHO
HST
WST
WSO
Allspecies
05/23 HCHI
WCH1
CHO
HST
WST
WSO
AllSpecies
05/24 HCHI
WCH!1
CHO
HST
WST

WSO
All Species

05/19

05/20

1994 SNAKE RIVER SMP GAS BUBBLE SYMPTOMS

LGR LGS LMN

# OBS (# SAM | % GBS|# OBS |# SAM [% GBS |# OBS [# SAM {% GBS
0 929 0.0% 0 100 0.0% 0 4,552 0.0%
) 1 0.0% 0 16 0.0% 0 293 0.0%
— 0 — - 0 - 0 15 0.09
0 100 0.0% 0 99 0.0% 0 4,491 0.0%
0 52- 0.0% 0 23 0.0% 0 218 0.0%
0 15 0.0% 0 13 0.0%) 0 13 0.0%
o 267 0.0% 0 251 0.0% 0 9,582 0.0%
0 98 0.0% 0 98 0.0% ) 235 0.0%
0 2 0.0% 0 25 0.0%| 0 24 0.0%
- .0 — 0 1 0.0%] 0 2 0.0%
0 100 0.0%) 0 100 0.0%) 0 238 0.0%
ol 75 0.0% 0 16 0.0%) 0 29 0.0%
0 33 0.0% 0 8 0.0% - 0
0 308 0.0% 0 248 0.0% 0 595 0.0%
0 98 0.0% 0 79 0.0% 0 100 0.0%
0 2 0.0% 0 19 0.0% 0 66 0.0%
— 0 - - 0 - 0 10 0.0%
0 100 0.0% 0 96 0.0% 0 100 0.0%
0 75 0.0% 0 29 0.0%l 0 56 0.0%
0 33 0.0% 0 g 0.0% 0 20 0.0%
0 308 0.0% 0 232, 0.0% 0 a52 0.0%|
0 61 0.0% 0 120 0.0% — 0
0 8 0.0%] 0 17 0.0% . 0 9 0.0%
— o} e - .0 - 0 1 0.0%
0 100 0.0% ol - 100 0.0% 0 74 0.0%
0 61 0.0% 0 4 23 0.0% 0 7 0.0%
0 28 0.0% o 2 0.0% 0
0 258 0.0% 0| 262 0.0% 0 91 0.0%
0 61 0.0% 0 77 0.0% 0 65 0.0%
0 44 0.0% 0 8 0.0% 0 55 0.0%
- 0 — 0. 3 0.0% 0 2 0.0%
0 100 0.0%| 0 . 100 0.0% 0 72 0.0%
o 46 0.0% 0 13 0.0% -0 54 0.0%
0 25 0.0% 0 1 0.0% 0 11 0.0%
0{ 276 0.0% 0 202 0.0% ] 259 0.0%)
0 2 0.0% 0 100 0.0% 0 36 0.0%
0 28 0.0% 0 58 0.0% 0 6 0.0%
0 1 0.0% 0 3 0.0% 0
0 100 0.0% 0 100 0.0% 1 82 1.2%
0 54 0.0% 0 " 100 0.0% 0 7 0.0%
0 33 0.0%. 0 48 0.0% 0 -
.0 218 0.0% 0 409 0.0% 1 131 0.8%
0 - 70 0.0% 0 79 0.0% 0 47 0.0%
0 30 0.0% 0 13 0.0% 0 7 0.0%
0 0 1 0.0% 0
0 100 0.0%! 0 100 0.0% 0 165 0.0%
0 75 0.0%! 0 7 0.0% 0 19 0.0%
0 50 0.0% 0 7 00% ~ 0 5 0.0%
0 azs 0.0% 0 0.0% 0 243 0.0%

207 |




1994 Snake River Smolt Monitoring Program Gas Bubble Symptom "
Lower Granite Dam Little Goose Dam Lower Monumental Dam
Species || # obs |#Samp|%cns #.obs"#sm]%eas # Obs |# Samp | % GRS
05/24 |HCHI .0 70| 0.0% 0 791 00%| o 47| 0.0%
\WCHI 0 30 0.0% 0 13| 0o0%m| o 7| 0.0%
CHO ol o} ~—{ o 1| 00% 0 .0 —
HST of 100  00%f o] 100/ 00% 0 165.| 0.0%
WST 0 75 0.0% 0 71 00% 0 191 0.0%
WSO 0 50 0.0% 0 7| 0.0% 0 51 0.0%
All Species 0] 5] 0.0% 0f 207 0.0% 0] 243} 0.0%
525 |HCHI 0 63 0.0% 0 34| 0.0% 0 254 | 0.0%
WCHI 0 21 0.0% 0 10] 0.0% 0 23} 0.0%
CHO 0 0 . - 0 1| 0.0% 0 0 -
HST 0 10| o0.0% 0 100} 00% O 675 | 0.0%
WST ol  100{ 0.0% 0 15| 0.0% 0 56 { 0.0%
WSO 0 35| 0.0% 0 2| 0.0% 0 7| 0.0%
__fAllSpecies | 0] 319] 00%) 0} 162] 0.0%]| 0 0.0%
5/26 |HCHI 0 17 0.0% 0 23 | 0.0% 0
WCHI1 0 91 0.0% 0 4| 0.0% 0
CHO 0 0 —_ 0 0 — 0
HST 0 88 0.0%)] © 100 | 0.0% 0
WST 0 8] 0.0% 0 4] 0.0% 0
WSO 0 13 0.0%f. o 51 0.0% 0
[All Species || - 0] 214) 0.0%] 0 146 | 0.0%] 0
5/27 |HCH1 0 241 0.0% 0 98 1 0.0% 0
WCH1 0 4| 0.0% 0 18 [ 0.0% 0
CHO 0 0 - 0of- 0 - 0
HST 0 31| 0.0% 0 02| 00% 0l
WST ] 31 0.0% 0 9| 0.0% 0
WSO 0 4 o0%)] .o 2| 0.0% 0
All Species 0 9% | 00%| " ol 229| 00% 0l
5/28 | HCHI 0 23| 00%| 0] 200 0.0% ol
WCHI 0 6| 0.0% 0 45 | 0.0% 0
CHO 0 0 — 0 0 ~ 0
HST 0 50 0.0% 0 187 | 0.0% 0
WST 0 4 0.0% 0 43| 0.0% 0
WSO 0 71 o00%fl o 6| 0.0% 0
L All Species 0] 130] 00% 0] 481 ] 0.0% 0
529 |HCHI S0 49| 0.0% 0 206 | 0.0% 0
WCH1 0 33| 0.0% 0 53] 0.0% 0
CHO' 0 0 —_— 0 0 —_ 0
HST - 0 100 0.0% 0 185 | 0.0% 0
WST 0 261 0.0% 0 21 | 0.0% 0
WSO 0 1] 0.0% 0 6] 0.0% 0
All Species 0 215 | 0.0% 0 471 | 0.0%. 0
/30 |HCH1 0 53] 0.0% 0 186 | 0.0%
WCH1 0 24| 0.0% 0 45 1 00%
CHO 0 0 — 0 1| 0.0%
HST 0 100 0.0% of 161 00%
WST 0 45| 00% 0 471 0.0%
WSO 0 4 0.0% 0 1] 00%|
All Species 0| 226 0.0% 0 " 451 0.0% 0
Fish Passage Center Page 2 Juveniles
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1994 Snake River Smolt Monitoring Program Gas Bubble Symptoms

| Lower Granite Dam Little Goose Dam Lower Monumental Dam
Dare Species #0bs #Samp % GBS # Obs # Samp #0Obs # Samp % GBS
05/27 |HCHI 0 24 0.0% 0 59 0.0% 0 164 0.0%
WCHI 0 4 00%f" o 14| 0.0% 0 18] 0.0%
CHO - 0 —_ -1 0 — - 0| —
HST 0 31 0.0% 0 100 0.0% 0 128 0.0%
WST 0 31 0.0% 0 17 0.0% 0 14 0.0%
‘WSO 0 4 0.0% 0 8 0.0% 0 3 0.0%
All Species 0 ‘ 0 198 0.0% 0 328 | - 0.0%
HCHI1 0 ¢ 110 0.0% 0 144 0.0%
WCH! ] 0 35 0.0% 0 20 0.0%
CHO — — 0 - e 0 -—
HST 0 0 100 0.0% 0 159 0.0%
WST 0 0 35 0.0% 0 221 0.0%
WSO 0 0 61 0.0% 0 9 0.0%
‘All Species 0 0 286 0.0% 0. 354 0.0%
HCH1 0 ‘ 0 100 | 0.0% 0 273 1 0.0%
WCHI 0 0 42 0.0% 0 40 0.0%
CHO —_ — 0 — 0 1 0.0%
HST 0 0 100 0.0% 1] 155 0.0%
WST 0 0 16 0.0% 0 23 0.0%
WSO 0 0 6 0.0% 0 17 0.0%
All Species 0 0 264 0.0% 0 509 0.0%
05/30 [HCH! 0 0 100 0.0% 0 134 0.0%
WCHI 0 0 37 0.0% 0 21 0.0%
CHO -— 0 — 0 | 0.0% 0 2 0.0%
HST 0 100 0.0% 0 100 0.0% 0 79 0.0%
WST 0 45 0.0% t) 33 0.0% 0 18 0.0%
WSsO0 o 4 0.0% 0 Il 0.0% 0 1 0.0%
All Species 0 226 0.0% é 0 282 0.0% || 0| 285 0.0%
J5/31 |HCH1 0 31 0.0% 0 100 0.0% 0 98 0.0%
WCH1 0 29 0.0% 0 43 0.0% 0 20 0.0%
CHO - 0 — 0 1 0.0% 0 2 0.0%
1IsT o 100 0.0% 0 100 0.0% 0 332 0.0%
WST 0 50 0.0% 0 60 0.0% 0 52 0.0%
WSO ¢ 6 00% ). 0 11 0.0% -— 0 -
All Species _____L_ 216 0.0% [ 0 315 0.0% || 0 504 0.0%
)6/01 | HCH1 0 12| 00% r 0 81| 0.0% 0 39| 00%
WCHI1 | 0 17 0.0% 0 37 0.0% 0 7 0.0%
CHO — 0 — — 0 — - 0 —
HST 0 100 0.0% -0 100 0.0% 0 31 0.0%
WST 0 30 0.0% 0 39 0.0% 0 44 0.0%
WSO 0 i1 0.0% 0 , 4 0.0% 0 2 0.0%
All Species 0 170 0.0% 0 261 0.0% [H 123 0.0%
)6/02 | HCH1 0 13 0.0% 0 34 | 0.0% -
WCHI1 0 16 0.0% 0 12 0.0% -
CHO -—- ¢ o 0 | 0.0% -
HST 0 53 0.0% 0 101 0.0% -
WST 0 7 0.0% 0 17 0.0% -
WSO 0 7 0.0% 0 18 0.0% -
All Species 0 9 0.0% 0 183 | 0.0% 0 0 -

Fish Passage Center
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" Lower Granite Dam

_Lile Goose Dam

1994 Snake River Smolt Monitoring Program Gas Bubble Symptoms

Lower Monumental Dam

Date

Species

06/02

. |CHO

All Species I

06/04

All Species

06/05

All Species

06/06

All Species

06/07

- All Species

06/08

——

HCH1
WCHI1

HST

WST

WSO

All Species
HCHI
WCHI
CHO
HST
WST
WSO

HCHI
WCH1

CHO
HST

WST
WSO

HCH!I
WCHI1

CHO
HST
WST
WSO

HCHI1
WCH1

CHO
HST

W8T
WSO

HCH1
WCH1
CHO
HST
WST
WSO

HCHI
WCHI1

CHO
HST
WST
WSO
All Species

# Obs

cojlecoco | coflocceoo | co

e o oo |

-3

oo oo |

DOl OO0 O O OO0

i colle o o o |

[~ =R = R ]

13
16

101

370

371

39
15
13
159

44
51

100
29

228

# Samp

- 638

© 41

0.0%
0.0%

OO S OC 000 o0

[=]

ms_]l_fmhs # Samp | % GBS Mmp % GBS
341 ,0.0% 0 104 | 0.0%

0.0% 12 0.0% 0f -30| o.0%
- 1| 0.0% 0 21 00%
0.0% 1 - 1} 0.0% o 104] 0.0%
0.0% 171 0.0% 0 9l oo
0.0% i8] 0.0% 0 51 0.0%
0.0%f 0] 254 | 0.0%

0 52| o0.0%

0 2] 0.0%

0 2| 0.0%

ol 216} 0.0%

0 29 | 0.0%

—

0.0%

Fish Passage Center
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1994 Snake River Smolt Monitoring Program Gas Bubble Symptoms

“ L Lower Granite Dam Little Goose Dam Lower Monumentai Dam
‘ Date Species M Mi’m %_GQSJ' # Obs | # Samp | % GBS
06/07 }HCH1 0 41| 00%).. 0] 27 00% 0 s2| 0.0%
WCHI1 0 51 0%y of 25 0.0% 0 13 0.0%
CHO - 0 — — 0 - I 0 3 0.0%
HST 0 39 0.0%1 ' 0 35 0.0% 0 55 0.0%
WST 0 i5 0.0% 0 5 0.0% "0 10 0.0%
WSO 0 13 0.0% 0 1 0.0% 0 1 0.0%
All Species 0 159 0.0% __0_23__‘&_] 0 134 0.0%
HCH1 Q 44 0.0% 0 40 0.0% 0 34 0.0%
WCHI 0 51 0.0% o 23 0.0% 0 15 0.0%
CHO — 0 — — 0 - 0 3 0.0%
HST 0 100 0.0% 0 55 0.0% 0 39 0.0%
WST 0 25 0.0% 0 7 0.0% 0 1 0.0%
WSO 0 4 0.0% 0 5 0.0% 0 I 0.0%
All Species 0] 228 0.0% (1] 0.0% 0 93 0.0%
(0609 |HCHI o1 27| 0.0% 0 0 30 | 0.0%
WCH1 0 7 0.0% 0 0 10 0.0%
i CHO —_ 0 — ¢ 0 1 0.0%
HST -0 100 0.0% 0 0 70 0.0%
WST 0 25 | 0.0% 0 0 10| 00%
WSO 0 4 0.0% 0 6 0.0% 0 1 0.0%
All Species 0 193 0.0% 0 174 0.0% 0 122 0.0%
06/10 |HCH1 0 3 0.0% 0 44 0.0% 0 6 0.0%
WCH1 1] 20 0.0% 0 24 0.0% 0 3 0.0%
CHO 0 1 0.0% — 0 - - 0 —
HST 0 74 0.0% 0 100 0.0% 0 24 0.0%
WST 0 7 0.0% ] 6 0.0% 0 1 0.0%
WSO 0 1| 0.0% 0, 41 00| - 0 -
All Species ol 106| 00| 0| 178]| o.0% 0 34| 0.0%
06/11 |HCHI1 0 3 0.0% || 0 24 0.0% 0
WCH1 0 5 0.0% 0 24 0.0% 0
CHO - 0 —— 1] 1 0.0% 0
HST 0 54 0.0% 0 101 0.0% 0
WST 0 4 0.0% 0 13 0.0% 0
WSO 0 2] 0.0% 0 3] 0.0% 0
All Species | 0 68 0.0% . 0 166 0.0% 0
06/12 |HCHI 0 il 0.0% 0 36 0.0%
WCH!1 0 13 0.0% 0 15 0.0%
CHO -~ — 0 — 0 2 0.0%
HST 1] 50 0.0% 0 100 0.0%
WST 0 5 0.0% 0 20 0.0%
WSO —— 0 e 0 4 0.0%
All Species 0 79 6.0% (- 0| 177 | 0.40%
05/13 |HCHI 0 15 0.0% 0 12 0.0%
WCHI 0 12 0.0% 0 16 0.0%
CHO — 1] - 0 i 0.0%
HST 0 66 0.0% 0 100 0.0%
WST 0 5 0.0% 0] 20 0.0%
WSO Q 7 0.0% 0 2 0.0%
All Species 0 105 0.0% 0 151 0.0%

Fish Passage Center
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"1994 Snake River Smolt Monitoring Program Gas Bubble Symptomﬂ

wer Granite Dam "

Little Goose Dam

Lower Monumental Dam

06/18

06/19

Fish Passage Center

06/17

All Species
HCHI
WCH1
CHO

HST

WST

WSO

All Species
HCHI1
WCH1
CHO

HST

WST

WSO

All Species
HCHI
WCH1
CHO

HST

WST

WSO .
Al Species

: Lo
Date Species # Obs

cocoooooallec ool

GOOOIOO

collecocoovolecocovcollecoocoocoolleccoo oo

# Samp | % GBS || # Obs

o oo

# Samp | % GBS

0.0%
0.0%

0.0%
0.0%
0.0%

0.0% || .
0.0%

0.0%

0.0%
0.0%

0.0%
0.0%

0.0%

0.0%
0.0%
0.0%

0.0%]

Page 1 Juveniles

# Obs |# Samp | % GBS

OO0 OO0 CQCQ|e® ©C O O OoOjle 00 0O o0

o0 00000

e 0 o 0 0O 00

0 40 | 0.0%
0 16 | 0.0%
0 5( 00%)
0 27 | 0.0%|
0 41 0.0%
0 21 00%
0 94 | 6.0%

Fune 20, 1994



1994 Snake River Smolt Monitoring Program Gas Bubble Symptoms

Lower Granite Dam "

Litle Goose Dam

Lower Monumental Dam

Species |

Fiih Passage Center

Page 1 Juveniles

Date # Obs |#Samp | % GBS [{# Obs [# Samp [ % GBS ||# Obs |# Samp | % GBS
06/18 |HCH1 0 37 0 0 591 0.0%
WCH1 0 63 0 0 17| 0.0%
'CHO — 0 - 0 29| 0.0%
HST o| 100 0 o 418| 0.0%
WST 0 57 0 0 37| 0.0%
WSO 0 7 0 0 6| o0.0%
0 0 0] se6| 0.0%
0 0 0 8. | 0.0%
0 0 0 49 | 0.0%
0 — 0 18( 0.0%
0 0 o| 265 0.0%
0 0 0 31| 0.0%
0 — 0 6| o0.0%
0 0 o] 453 | o0.0%
0 0. 0 67| 0.0%
0 0 0 25| 0.0%
—- - 0 15] 0.0%
0 0 ol 367 0.0%
ol 0 0 39| 0.0%
0 0 0 2| 0.0%
0 0 oi 75| 0.0%
0 0 0 54 | 0.0%
0 0 0 30 | 0.0%
0 0 0 19{ 0.0%
0 0 0f 5531 0.0%
0 0 0 481 0.0%
0 -0 0 6 0.0%
0 0 o mo| e.0%
'—" 0 0 ol 24| o.0%
WCHI 0 0 0 10| 0.0%
CHO 0 - 0 7| 0.0%
HST 0 0 0| 241| 0.0%
WST 0 0 0 18] 0.0%
WSO 0 0 — 0 —
All Species 0 0 .0
06/23 |HCHI1_ 0 0 0
WCH] 0 0 0
tcHo — 0 0
HST 0 0 0
WST 0 0 0
WSO 0 0 0
All Species 0 0 0
06/24 [HCH1 '
WCH1
CHO
HST
WST
WSO
_ All Species

June 24, 1994



Lower Granite Dam !:

1994 Snake River Smolt Monitoring Program Gas Bubble Symptoms

06128

06/30

.| All Species’
07/01

HCHI
WCH1

CHO
HST
‘'WST
WwSs0
All:Species
HCHI1
WCHI1
CHO

HST

WST

WSO

All Species .
HCHI1
WCHI
CHO

HST

WST

WSO

All Species -

HCHI1
"WCHI
CHO
HST
WST
WSO

HCHI1 ’
WCHi

CHO
HST

WST
WSO

All Species

o2 ||e
[ SST- I | )

o2 0 0 O 0O

% GBS

'+ Litle Goose Dam
'# Obs |# Samp

i WLower Monumental Dam
# Obs | # Samp I % GBS
- 0| . 15| 00%
—— 0 9 0.0%
0 8 0.0%
0_ - 61 0.0%
0 5 0.0%
N E 2 0.0%
0 100 | 0.0%
' 1] 13 0.0%
0 5 0.0%
_ 0 10 0.0%
0 49 0.0%
o 1] 00%
ol 78l 00w
0 21 | 0.0%
0 4 0.0%

0 7 0.0%
0 65 0.0%
0. 7 0.0%

— 0 —
1. 01 104 | 00%
ol o] —
i |

0 0 -
0 12 0.0%
0 4 0.0%
0 . 3 0.0% i
0 43 0.0%
0 3 0.0%
0 3 0.0%
0 70 | 0.0%




b, e -

=y e e

2t SMP EHERNAL GBS _SEPAR TOR SAMPLES

ANy i

Mot St
“Muchary s Unable'to dfffererniate hatchery and wild chinook

MCNARY DAM* N Ll'lTLg GOOSE DAM WLOWEH MONUMENTAL
# OBS |# SAM | % GBS |#0BS |# SAM [% GBS [# OBS |# SAM |% GBS
05/18 HCH1 A M ] a5
HCH1 PM . 0 48
TOTA 0 0 — 0 93 0.0% 0 0 —
WCH1 AM 0 5
WCHt PM 0 4
TOTA 0 0 _ 0 9 o.o%L 0 0 -
HET AM ) 50 ,
HST PM 0 55
TOTA 0 0 — 0 105 0.0% o 0 —
WST AU
wsr PM
CTOTA 0 ] o 0 a - 0 0 —
GRAND TOTAI ] 0 —— 0 207 0.0%) 0 0 —
05/19 HCHI AM 0 43 0 50
HCH1 PM 0 49 1 47
TOTA 0 0 - 0 82 0.09% 1 o7 1.0
WCH1 AM o 48
WCH1 PM 0 2 0 2
TOTAl 0 0 - 0 2 0.0% 0 48 0.0%
HST AM o a5
HST PM . 0 50 1 49
TOTAl 0 0 - 0 o5 0.09% 1 48 2.0%
WST AM o 5 0 4
WST PM 0 1
TOTAI 0 ol _— 1] -] 0.0% 0 5 0.0%
GRAND TOTAL 0 0 — 0 194 | - 0.0% 2 199 1.0%}
05/20 HCHI AM 0 50 0 44 0 a4
HCH, PM 0 50 o 48 0 a8
TOTAI 0 100 0.0%| 0 92 0.0%) ol 82 0.0%
WCH1 AM ) 6 ) &
WCH, PM 0 2 0 2
TOTAI | - -0 8 0.0% 0 8 0.0%| -
HST AM 0 50 <0 51 2 a7
HST PM 0 39 ) < 0 46 0 48
TOTAL 0 89 0.0% 0 97 0.0%) 2 95 2.1
WST AM —_— 0 0 3
WST PM 0 1} 0 a4 0 2
TOTAL 0 11 0.0%] 0 4 0.0% " 0o 5 0.0%
GRAND TOTAL o 200 0.0%) 0 201 | 0.0% 2 200 1,0%)
05/21 HCH1 A M 1 50 0 45 1 48
HCH1 PM 0 50 0 51| | 0 39
TOTAL 1 100 | 1.0% 0 96 0.0% 1 87 1.1%
WCH1 AM 0 5 0 2
WCH1 PM 0 2 0 11,
TOTAL 0 ‘0 — 0 7 0.0% 0 13 0.0%)
HST AM 0 40 0 51 1 46
HST PM 0 38 0 51 3 49
TOTAL 0 78 0.0% o 102 0.0% 4 95 4.2%
WST AM 0 10 0 1 1 .4
WST PM 0 12 0 2 0 1
TOTAL 0 22 0.0% 0 3 0.0% 1 5 20.0%
GRAND TOTAL 1 200 0.5% 0 208 0.0%] 6 200 3.0%]
05/22 HCH1 A M ¢} 50 [+] 50 0 48
HCHI PM 0 50 0 55 2 44
TOTAL 0 100 0,09 0 105 0.0% 2 92 2.2%
WCH1 AM o 1 0 2
WGCH1 PM 0 5 0 6
TOTAL 0 0 - 0 6 0.0%) 0 8 0.0%
HST AM 0 44 0 44 P a8
HST PM o 44 0 55 0 49
TOTAL o a8 0.0%) 0 99 0.0% 2 97 2.1%
WST AM 0 6 0 5 0 2
WST PM D 6 0 2 0 1
TOTAI 0 12 0.0% 0 7 o.o%& 0 3 0.0%)
GRAND TOTAL 0 200 0.0% 0 217 0.0% 4 200 2.0%




1994 SMP EXTERNAL GBS SEPARATOR SAMPLES

g i et m v= mrmemt i mr—m e s <— g —mee— == =s

MCNARY DAM* LITTLE GOOSE DAM LOWER MONUMENTAL
# OBS |# SAM | % GBS |# OBS |# SAM |% GBS |# OBS |# SAM |% GBS
05/23 HCHI AM 0 50 0 45 1 39
HCH1 PM 0 50 0 46 1 46
TOTAL 0 100 0.0%; 0 a1 0.0 2 85 2.4%
WCHI AM 0 2 0 11
WCHI PM 0 4 ) 4
TOTAL 0 0 - 0 6 0.0% o 15 0.0%
HST AN ol. a4 0 49 1 43
HST PM 0 as 1] 48 0 48
TOTAL ol 82 0.0%] 0 97 0.0% 1 91 1.1%]
WST AM 0 6 o 1 0 7
WST P M 0 12 0 2 0 2 .
TOTAL D 18 0.0%) 0 3 0,09 a 9 0.0%
GRAND TOTAL 0 200, 0.0%) 0 187 0.0% 3 200 1.5%)
05/24 HCH1 A M 0 50 0 45 0 43
HCH1 PM 0 50 o 20 0 47
TOTAL 0 100 0.0%} ] 65 0.0% 0 80 0.0%
WCH1 AM 0 2 0 r
WCH1 PM o 3 0 3
TOTAL 0 o — 0 5 0.0% - ol - 10 0.0%]
HST AM 0 49 ] 46 2 42
HST PM o 48 0 47 0 50
TOTAL 0. a7 0.0% 0 93 0.0% 2 92 2.2%1
WST AM 0 1 0 2 0 8
WST PM 0 2 0 4 ‘
TOTAL 0 3 0.0%) ] 6 0.0% 0 8 0.0%
GRAND TOTAL 0 200 0.0%] 0 165 0.0%| - 2 200 1.0%)
05/25 HCH, AM 0 50 0 28 0 47 .
HCH1 PM 0 50 0 25 0 48
TOTAL 0 100 0.0% 0 53 0.0 0 o5 0.0%)
WCH1 AM 0 2 0 3
WCH1 PM 0 5 0 2
TOTAL 0 o -1 .- o 7 0.0% 0 5 0.0%
HST AM 0 46 a 0 55 0 48
HST PM 0 50 / 0 56 0 48
TOTAL o 96 0.0% 0 111 0.0% 0 96 0.0%
WST AM ¢ 4 0 8 0 2
WST PM 0 3 0 2 0 2
TOTAL 0 7 0.0%) 0 10 0.0%) 0 4 0,0%
GRAND TOTAL [ 203 0,0% 0 181 0.0%) 0 200 0.0%)
05/26 HCH1 A M ] 50 0 13 0 39
HCHI PM 0 52 0 47
. TOTAL ¢ 50 0.0% 0 65 0.0% o 86 0.0%
WCH1 AM 0 1"
WCH1 PM 0 15 0 3
. TOTAL 0 0 —- 0 15 0.0% 0 14 0.0%
HST AM 0 43 0 56 0 46
HST PM 0 59 0 48
TOTAL 0 43 0.0% 0 115 0.0%) 0 92 0.0%
WST AM 0 7 0 10 ) 4
WST PM 0 4 0 a
TOTAL 0 7 0.0%)] 0 14 0,09 0 8 0.0%
GRAND TOTAL 0 100 0.0% 0 209 0.0%) 0 200 0,0%
05/27 HCHI AM 0 50 0 45 0 46
HCHI PM 0 50 , 0 4z,
TOTAL 0 100 0.0%) 0 45 0.0% 0 88 0.0%
WCH1 AM . _ 0 3 0 4
WCH1 PM 0 8
TOTAL 0 0 — 0 3 0.0% 0 12 0.0%)
HST AM 1 49 0 43 0 46
HST PM 0 46 0 45
TOTAL 1 g5 1.1%) 0 43 0.0% 0 ot 0.0%
WST AM 0 3 0 5 0 4
WST PM 0 4 . . o 5
TOTAL 0 7 0.0%l 0 5 0.0% - 0 9 0.0%
GRAND TOTAL 1 202 0.5%) 0 98 0.0%| [ 200 0.0%)




1994 SMP EXTERNAL GBS SEPARATOR SAMPLES

CIVIGINETY 16 UM 19 QHISrsniae Nalsnery ana wia crninook

MCNARY DAM* LITTL.LE GOQSE DAM LOWER MONUMENTAL
#0BS |# SAM | % GBS |# OBS |# SAM [% GBS |# OBS |# SAM [% GRS
05/28 MCH1 A M 0 50 [+ 40 o 46
HCHI PM 0 50 { of 63 0 39
TOTAI 0 100 0.0% 0 103 0.0% 0 85 0.0
WCHI AM 0 7 0 4
WCH1 PM 0 6 0 11
TOTAI - 0 13 0.0%) ol 15 0.0%
HST AM 0 49 0 45 0 45
HST PM 0 45 o 40 0 48
TOTAl 0 94 0.0% o 85 0.0% ] 93 0.0%
WST AM 0 1 ] 6 0 5
WST PM 1 5 0 11 ] 2
TOTAL 1 6 16.7% 0 7 0.0%) 0 7 0.0%
GRAND TO' 1) 200 0.5%) 0 208 0.0%f 0 200 0.0%)
05/28 HCH1 A M ] 50 ) 43 ‘ 0 43
HCHI PM (4] 50 0 45 0 41
TOTAL 0 100 0.0% 0 88 0.0% 0 84 0.0%
WCH1 AM o 5 ] 7
WCHI PM 0 3 0 9
TOTAL — 0 8 0.0% 0 18|  0.0%
HST AM 0 48 v} 45 0 48
HST PM 0 48 0 21 a 47 | -
TOTAL 0 96 0.0%} 0 66 0.0% 0 95 0.0%|
WST AM (] 2 0 4 0 2
WST PM o 2 0 3 0 3
TOTAL ) 4 0.0% K 7 0.0% 0 5 0.0%
GRAND TO 0 200 0.0%) 0 169 0.0%) 0 200 2.0%
05/30 HCHI AM 0 50 0 41 0 43
HCHI PM o 50 ) a2 0 a7
TOTAL o} 100 0.0% 0 73 0.0% ] 85 0.0%|
WCH1 AM ) 5 o 2
WCH1 PM 0 2 o 13
TOTAL — ol 7 0.0%) 0 15 0.0%
HST AM 1 48 y: 40 0 47
HST PM 1 43 /0 25 ] 49
TOTAL 2 91 2.2% - 0 63 0.0%| 0 96 0.0%
WST A M 0 2 0 11 0 3
WST PM 0 7 — 0 0 1
TOTAL ! 9 0,0%; 0 11 0.0%; 0 4 0.0%
GRAND TO" 2 200 1,0% o 154 .0% 0 200 0.0%
05/31 HCH, AM 0 50 : o ] 0 43
HCHI PM o 50 o 39 0 40
TOTAL 0 100 0.0% ] B1 0.0% 0 83 0.0%i
WCH, AM 0 6 ] 7
WCH1 PM ) 1 ] 10
TOTAL — 0 7 0.0% 0 17 0.0%
HST AM 0 48 ] 39 0 a4 |
HST PM ) 49 0 55 ] 49
TOTAL 0 g7 0.0%) o 94 0.0%) o] g3 0.0%
WST AM o 2 o 9 0 6
WST PM a 1 0 3 0 1
TOTAL 0 3 0.0%| 0 .12 0.0% ) 7 0.0%!
GRAND TON 1] 200 0.0% 0 194 0.0% i 200 0.0%
06/01 HCH1 A M 0 50 ) 2 0 34
HCH1 PM 0 50 v 25 0 10
TOTAL ) 100 0.0% 0 27 0.0% o 44 0.0%
WCH1 AM : 0 3 0 3
WCH?t PM . 0 8 ] 8
TOTAL — —_ — o 8 0.0%{ .- 0 11 0.0%
HST AM 0. 46 0 50 0 a4
HST PM 0 45 0 60 0 20
TOTAL 0 1] 0.0% 0 110 0.0% 0 64 0.0%
WST AM 0 4 0 3 ] 1
WST PM 0 5 ] 5 0 7
TOTAL 0 g 0.0%] - - ] 8 0.0% Q 8 0.0%
GRAND TO1 0 200 0.0%; 0 154 0.0%) Q 127 0.0%



1994 Smolt Monitoring Program Gas Bubble Symptoms from Separator Samples
McNary Dam* Little Goose Dam Lower Monumental Dam
Date | species / Sample Tie _||# Obs |# Samp | % GBS u#Obs |# Samp | % GBS | # ovs {# samp | % GBs

06/01 | HCH1 AM 0 ! . 0 2 0 34

HCH1 PM ' 0 25 0| 10

TOTAL 0 27 | 0.0% 0 44

WCH1 AM 0 1 0 3

WCHI1 PM H 0 8 .0 8

TOTAL o — — 0 9! 00% 0 11

HST AM o] 46 of s [ o] 4

HST PM 0 45 0 60 0 20
TOTAL 0 91 | 0.0% 0 110 | 0.0% 0 64 | 0.0%

WST AM 0 4 0 3 0 1

WST PM 0 5 0 5 0 7
TOTAL | 0| 9 0.0% 0 81 00%fF 0O 8] 0.0%
GRAND TOTAL 0 200 | 0.0% 0 154 { 0.0%4l o0 127 | 0,0%

06/02 [HCHI AM 0 50 0 1 0 16

HCHI1 PM 0] . 50 0 19 0 13
TOTAL 0 100 | 0.0% 0 20 | 0.0% 0 290 | 0.0%

WCH1 AM |’ ' || - 0 0 3

WCH1 PM 0 6 0 3
TOTAL — — = 0 6| 00% 0 6( 0.0%

HST AM 0 47 0 27 0 50

HST PM 'I 0 45 " 0. 12 0 23
TOTAL 0 92 | 0.0% 0 39 | 0.0% 0 73| 0.0%

WST AM 0 3 0 2 - 0

WST PM 0 5 0 2 0 2
TOTAL 0 gl 00% 0 4| 0.0% 0 2| 0.0%
GRAND TOTAL 0| 200 0.0% 0 691 00%] ol 110] 0.0%

D6/03 |HCH1 A M 0 50 d 0 9 0 17

HCHI PM 0 50 0 4 0 4
TOTAL 0 100 | 0 13| 00% 0 21 ] 0.0%

WCHI AM " 0 1 0 2

WCH1 PM 0 2 0 1
TOTAL = — 0 31 0.0% 0 3| 0.0%

HST AM 0 46 0 25 0 49

HST PM 1 45 0 13 0 17
TOTAL. 1 9] 1.1% 0 38 | 0.0% 0 66 | 0.0%

WST AM 0 4 0 2 0 1

WST PM- 0 5 - .0 .0 3
TOTAL 0 9| 0.0% L_o 2| 00% 0 4| 0.0%
GRAND TOTAL 1{ 200 ] 05% 0 561 00%) 0 9% | 0.0%

0 50 0 8 0 3

0 50 0 4 0 1
TOTAL 0 100 | 0.0% 0 12 | 0.0% 0 4] 0.0%

WCHI A M 0 1 — 0

CH1 PM — 0 0 !
OTAL — — _" 0 1] 0.0% 0 1| 0.0%

ST AM 0 47 0 35 0 31

HST PM 0 44 0 4 0 15
TOTAL 0 91 | 0.0% 0 39 | 0.0% 0 46 | 0.0%

ST AM 0 3 0 2 0 2

ST PM 0 6 0 1 — 0
TOTAL 0 00%| o 31 0.0% 0 2] 0.0%
IGRAND TOTAL ol 20010 oo0%ll o 55 | 0.0% 0 53 | 0.0%

Fish Passage Center Page 3 Juveniles June 8, 1994



u 1994 Smoit Monitoring Program Gas Bubble Symptoms fr om Separator Samples
McNary Dam* Little Goose Dam Lower Monumental Dam
Date Species | Sample Tie # Obs |# Samp | % GBS {| # Obs |# Samp | % GBS "# Obs I# Samp I % GBS
I T | T [ —
06/05 |[HCH1 AM 0 50 0 6 0 41
HCH1 PM 0 50 0 26 0 7
TOTAL 0 100 0.0% 0 32 0.0% 0 48 0.0%
WCH1 AM 0 ] 0 9
WCH1 PM 0 0 2
TOTAL - — e 0 9 0.0% 0 11 0.0%
HST AM 0 48 0 49 0 46
HST PM 0 46 0 16 0 13
TOTAL 0 94 0.0% 0 65 0.0% 0 59 0.0%
WST AM 0 2 0 6 0 4
WST PM 0 4 0 4 0 2
TATAL 0 6 0.0% 0 10 0.0% 0 6 0.0%
GRAND TOTAL 0 200 0.0% 0 116 |. 0.0% 0] 124 0.0%
06/06 |HCHI AM o[ so 0 6 0| 25
HCH1 PM 0 50 0 11 0 8
TOTAL 0 100 0.0% 0 17 | 0.0% 0 33| 0.0%
WCH1 AM 0 3 0 4
WCHI PM 0 5 0 8
TOTAL — — — 0 8 0.0% 0 12 0.0%
HST AM 0 46 0 20 0 23
HST PM 0 49 ‘ 0 9 0 16
' TOTAL 0 95 0.0% 0 29 0.0% 0 39 0.0%
WST AM 0 4 0 1 0 2
WST PM 0 1 — 0 0 1
TOTAL 0 5] 00% 0 1] 00% 0 3| 0.0%
GRAND TOTA_L_ 0 ___200 0.0%__[ 0 55 0.0% 0 87 0.0%
06/07 |HCH1 AM 0 50 0 13
HCH! PM 0 2
TOTAL 0 50| 0.0% 0 15 0.0% 0 0 —
WCH1 AM 0 3
WCH! PM o 5
TOTAL — o 0 8 0.0% 0 0 -—
HST AM 0 48 0 18
HST PM 0 6
TOTAL 0 48 | 0.0% 0 24 | 00% 0 0 —
WST AM 0 2 0 3
WST PM 0 1
TOTAL 0 2 0.0% 0 4 0.0% 0 0 —
GRAND TOTAL 0 100 0.0% 0 51 0.0% 0 0 —
* Chinook not differentiated by rearing type at McNary Dam; all chinook tabulated in Hatchery category.
June 8, 1994
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1994 Smolt Momtormg Program Gas Bubble &/mptoms from Separ ator Sampl%
MCN&W Dam* Little Goose Dam Lower Monumenta[ Dam

Jate Species / Sample Time [ # Obs I# Samp | % GBS H# Obs |# Samp | % GBS || # Obs | # Samp | % GBS
608 | HCHI AM 0 3 0 4|

HCHI P M o] 50 0 3 0 4

TOTAL 0 50{ 0.0% 0 6| 0.0% 0 81 0.0%

WCH1 AM 0 1 0 1

WCHIP M 0 1 0 1

TOTAL — —_— — 0 2 0.0% 0 2 0.0%

HST AM 0 9 ¢ 9

HST PM 0 46 0 4 0 3

TOTAL 0 46 0.0% o 13 0.0% 0 12 0.0%

WST AM ¢ i

WST PM 0| 4

TOTAL 0 4| oo0mfl o o] — 0 1| 0.0%

GRAND TOTAL 0] 100] o00®mli o0 21| 0.0% 0l 23| o0.0%
6/09 |HCHI AM 0 50 1. 0 8 0 4

HCH1 PM 0 50 _ 0 1

TOTAL 0 100 0.0% 0 8 0.0% 0 5 0.0%

WCHL AM 0 2 o i

WCH1 PM 0 1 1] 1

TOTAL -— — === 0 3 0.0% 0 2 0.0%

HST AM 0 46 0 16 0 8

HST PM 0 45 0 3 0 3

TOTAL 0 91 0.0% L 0 19 0.0% 0 11 0.0%

WST AM 0 4 ¢ 2 0 2

WST PM 0 5 0 1

TOTAL 0 9 0.0% 0 2 0.0% 0 3 0.0%

GRAND TOTAL { 200 0.0% | [i] 32 0.0% L] . 21 0.0%
6/10 |HCH1 AM 0 50 - 0 8 0 4

HCH1 PM 0 50 | - 0 2

TOTAL 0 100 0.0% 0 8 0.0% 0 6 0.0%

WCH1I AM 0 4 0 2

WCH1 PM Q 1 Q 1

TOTAL — — - 0 5| 0.0% 0 3 0.0%

HST AM 1 4% 0 24 0 1]

HST PM 0 45 0 6 0 13

TOTAL 1 01 1.1% 0 30 0.0% ] 24 0.0%

WST AM 0 4 0 1

WST PM 0 5 0 2

TOTAL 0 9 0.0% 0 21 0.0% 0 1 0.0%

GRAND TOTAL 1 200 0.5% 0 4| 0.0% 0 34| 0.0%
6/11 HCH1 AM 0 50 ' 0 7

HCH1 P M 0 50 0 1

TOTAL 0 100 0.0% 0 0 — 0 ] 0.0%

WCH1 AM 0 2 0 5

WCH1 PM 0 1

TOTAL — — — 0 2| 0.0% 0 6| 0.0%

HST AM 0 47 0 42 0 30

HST PM 0 46 0 12 0 6

TOTAL 0 93 0.0% 0 54 | 0.0% 0 36 0.0%

WST AM 0 3 0 1 0 1

WST PM 0 4 0 1

TOTAL 0 7 0.0% 0 1| 0.0% 0 2| 0.0%

GRAND TOTAL 0 200 0.0% 0 57 | 0.0% 0 52| 0.0%

Fish Passage Center Page 3 Juveniles June 16, 1994



McNary Dam*
Date | Species / Sample Time JI# Obs |# Samp | % # Samp
06/12 [HCH1 AM' 40 I o 3 0
HCH1 PM r 50 | 0
TOTAL 100 | 0.0% 0 3| 0.0% 0
| WCH1 AM ' 0
WCH1 PM
TOTAL — - — — 0
|HST AM 0 46 0
HST PM 0 48 0
TOTAL 0 94 | 0.0% 0.0% 0
WST AM 0 4 ' 0
WST PM 0 2 0
TOTAL 0 6| 00% 0.0% 0
L GRAND TOTAL | 01 2003 0.0% __0.0%| 0
06/13 |HCH1I AM 0 50 0
HCH1 PM 0 50
TOTAL ol 10| o00% 0 0 — 0
WCHI AM 0 1 { o
WCHI PM 0
TOTAL — — — 0 1] 0.0% 0
HST AM 0 50 0 26 0
HST PM 0 6 0
TOTAL 0 501 00% 0 2] 00% 0
WST AM 0 0 0 1
WST PM 0
TOTAL 0 0 — 0 1| 0.0% 0
GRAND TOTAL o| 150 o0.0% 0 34| o00%f o
06/14 |HCHI AM 0 3 I
HCH1 PM
TOTAL 0 0 — 0 8| 0.0% 0
WCH1 AM 0 2
WCH1 PM
TOTAL — — — 0 2| 0.0% 0
HST AM 0 6
HST PM ol .6
TOTAL 0 0 — 0 12 0.0% 0
WST AM 0 2
WST PM - '
TOTAL 0 0 — 0 2| o0.0% 0
GRAND TOTAL 0 0 — ] 24| 0.0% 0

* Chinook not differentiated by rearing type at McNary Dam; all chinook tabulated in Hatchery category.

Fish Passage Center

Page 4 Juveniles
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1994 Smolt Momtormg Program Gas Bubble Symptoms from Seuarator Samples

Lower Monumenral Dam *

McNary Dam* Ln‘.tle Goose Dam

j Date | Species / Sample Time # Obs |# Samp | % GBS J{# Obs |# Samp { % GBS || # QObs [# Samp | % GBS
06/14 |HCH1 AM 0 50 l 0 8 " 0 9

HCH1 PM 0 50 0 4

TOTAL o 100 0.0% G 2 0.0% j J i3 0.0%

WCHI AM 0 2 0 1

WCH1 PM

TOTAL — — - 0 2 0.0% 0 1 0.0%

HST AM 0 46 0 6 0 2

HST PM 0 46 0 6 0 5

TOTAL" 0 92 0.0% 0 12 0.0% 0 7 0.0%

WST AM v 4 0 2 ] 1

WST PM 0 4 0 1

TOTAL 0 8 0 0.0% 0 2 0.0%

GRAND_TOTAL 0 200 0 0.0% “ 0 23 0.0%
06/15 [HCHI AM 0 50 0 0 4

HCHI PM 0 80 0 0 1 I

TOTAL 0 130 0 0.0% 0 5 0.0%

WCHI AM 0 0 1

WCH1 PM 0 2

TOTAL — — — 0 0.0% 0 3 0.0%

HST AM 0 0 " 0 8

HST PM 0 0 0 10

TOTAL 0 0 0.0% 0 18 0.0%

WST AM 0 0 1

WST PM 0 0 0 2 II

TOTAL 0 0 0 3 0.0%

GRAND TOTAL 0 0 ol 201 oomf
06/16 |HCH1 AM 0 0 2

HCH! PM 0

TOTAL 0 0.0% 0 2 0.0%

WCHI AM I o 1

WCHI PM 0 1

TOTAL — — - 0 0 -— 0 2 0.0%

HST AM 0 46 0 48 0 3

HST PM 0 49 0 4 0 3

TOTAL 0 95 0.0% 0 52 0.0% 0 6 0.0%

WST AM ) 4 0 2 0 1

WST PM 0 1 0 1 0 1

TOTAL 0 51 00% 0 3| 0.0% 0 2| 0.0%

GRAND TOTAL I 200 0.0% " 0 56 0.0% 0 12 0.0%
|BG/17 HCHI AM 0 50 0 7 0 32

HCHI PM 0 50 0 2 0 4

TOTAL 0 100 0.0% 0 9 0.0% 0 36 0.0%

WCH1 AM 0 4 0 18

WCH! PM

TOTAL — -— e 0 4 0.0% 0 18 0.0%

HST AM 0 25 0 49 0 49

HST FPM 1 27 0 10 0 20

TOTAL 1 52 1.9% 0 59 0.0% 0 69 0.0%

WST AM 0 2 0 2 0 1

WST PM 0 2 0 1

TOTAL 0 4 0.0% 0 2 0.0% 0 2 0.0%

__| GRAND TOTAL 1 156 0.6% 0 74 0.0% _;0 125 0.0%
Fiih Passage Center Page 3 Juveniles June 23, 1994



1994 Smeit M onitor g Prperam Gas BUDD| eSwpntoms from Senaratar Samples
McNary Dam* Little Goose Dam Lower Mooumental Dam
date | Species / Sample Time || # Obs | # Samp | % GBS ||# Obs [# Samp | % GBS || # Obs [# Samp [ % GBS
6/18 [HCHI AM o[ 50 " ol 1 0 7
HCHI PM 0 50 , 0 6
TOTAL o] 100} 00% 0 11| 0.0% 0 3] 0.0%
WCHI AM 0 17 0 4
WCHI PM 0 3
TOTAL — — — 0 17| 00% 0 7] 0.0%
HST AM 0 48 0 50 0 43
HST PM 0 49 o]l 9 0 10
TOTAL 0 97| 0.0% 0 59 | 0.0% o] s3] 0.0%
WST AM 0 2 0 4 :
WST PM 0 1 0 3
TOTAL 0 0 — 0 71 0.0%
GRAND TOTAL 0 7] 00%l o] s0{ 00%
619 |HCHI AM 0 6 T o] s
~ |HcH1 PM 0 0 2
"| TOTAL ()] 6 0.0% 0 8 0.0%
WCHI AM 14 0 1
WCH1 PM 0 4 |
TOTAL — 14| 00% 0 5] 0.0%
HST AM 0 28 0 17
HST PM 0 8 0 10
TOTAL 0 36 | 0.0% o] 27| 0.0%
WST AM 0 3 0 4
WST PM 0
TOTAL 0 3| 0.0% 0 4| 00%
GRAND TOTAL 0 5 | 0.0% o] 4l 0.0%
620 [HCHI AM 0 5 ol 2t
HCHI PM 0 0
TOTAL 0 0 51 00%ll o 28 | 0.0%
WCHI AM 0 3 0 5
WCHI PM " 0 2 I o 3
TOTAL — — — 0 5| o00% 0 8| 0.0%
HST AM 0 48 ol 4 o| 48
HST PM 0 47 0 38 o 22
TOTAL 0 95 |  0.0% 0 57 | 00% o] 70| o00%
WST AM 0 2 0 4 0 2
WST PM 0 3 0 2 0 5
TOTAL 0 5| 0.0% 0 6| 0.0% 0 7] 00%
GRAND TOTAL 0 200 0.0% l 0 103 0.0% 0 113 0.0%

* Chinook not differentiated by rearing type at McNary Dam; all chinook tabulated in Hatchery category

Fiih Passage Center

Page 4 Juveniles

June 23. 1994




Site

Little Goose Dam

Lower Monumental Dam

McNary Dam

John Day Dam

f——————————————————————————.
Bonneville Dam

Date

5/18
5/20

5/22
5724
5126~

5/19
S721

5123
5/25

5013 .
515 .

N7
519
5/21
5/23
5/25
517
5/19
5/21
5/23
5/25

5117
5/19

5/21
5/23
5/25

Fish Passage Center

1994 Smolt Monitoring Program Gas Bubble Symptoms - Lateral Line and Internal Symptoms
Juvenile Hatchery Steelhead

Lateral Line | Lateral Line Gill Internal Toral

# Sarapled External Internal gaments Symptoms Affected
30 0 0 7 1 7

30 0 0 8 2 10

30 0 0 11 2 12

30 0 0 19 0 9

1510 0 -5 2 -6 -
U S S

30 0 0 15 )6 17

30 0 0 7 7 11

30 0 0 8 14

30 0 0 11 7 16

30 0 0 1 1 2

30 0 0 0 0 0

30 0 0 0 0 0

30 0 Jo 0 1 1

30 0 0 0 0 0

30 0 0 0 0 0

30 0 0 0 0 0

30 n/a | 9 0 f4

30 0. 1 10 2 13

30 0 2 9- 2 13

30 2 7 13 7 19

30 2 19 13 3 26

IS B |

15 0 10 E 1 I\

30 22 30 13 8 20

22 11 19 5 2 14

12 5 10 3 4 lo

30 16 28 21 7 24

May 26, 1994



1994 Smolt Monitoring/ Program Gas Bubble Symptoms - L ateral Lineand Internal Symptoms
JuvenileHatchery Steelhead

Lateral Line | Lateral Line Gill Internal Total
l Site Date # Sampledck External Internal Filaments Symptoms Affected
Little Goose Dam 5/20 30 0 0 8 2 10
5/22 30 0 0 I, 2 12
5/24 30 0 0 9 0 9
5/26 30 0 0 10 3 11
5/28 30 0 0 6 0 6
5/30 30 0 0 10 1 10
o 6/01 15 0 0 1 1 L
Lower Monumental Dam | 3/19 30 0 0 lsj= 6 ) 17
5121 30 0 0 7 7 11
5723 30 0 0 7 8 14
5/25 30 0 0 1 7 16
5/27 30 0 I 6 6 11
5/29 30 0 10 6 1
5/31 30 0 4 6 6
—_— e L =
McNary Dam 5/19 30 0 0 0 1 I
5/21 30 0 0 0 0 0
5/23 30 0 0 0 0 0
| 523 30 0 0 0 0 0
Q 5/27 30 0 0 0 0 0
520 30 0 0 0 1 1
| 581 | L 0 0 0l 0 0
John Day Dam 5/19 30 0 1 10 2 13
5121 30 0 2 9 2 13
5/23 30 2 7 13 7 19
1 5725 30 2 19 13 3 26
5127 30 3 17 6 2 19
5/29 30 0 24 7 0 24
5/31 30 2 14 14 2 22
=
Bonneville Dam '5/19 30 22 30 13 8 30
5/21 22 11 19 5 2 19
5/23 12 5 10 3 4 10
5/25 30 16 28 21 7 29
5/27 30 24 30 21 10 30
5129 30 20 29 18 6 29
5/31 19 30 25 1 4 30
Fish Passage Center June 1, 1994



-

1ish Passage Center

June 13, 1994
Lateral Line Lateral Line Gill Internal Total
Site _D_ate # Sampled + External Intermal Filaments ) Symptoms Affected
Little Goose Dam 6/01 30 0 0 4 1 4
6/03 30 0 0 5 0 5
6/05 28 0 0 3 1 4
6/07 21 0 0 3 0
6/09 18 0 0 2 2 4
6/11 18 0 0 2 1 3
ﬂi‘_ 15 0 50. 0 1 i
Lower Monumental Dam 519 30 0 0 10 6 11
5/31 30 0 0 4 6 9
6/02 30 0 0 4 6 8
6/04 30 0 0 3 7 9
6/06 30 0 0 3 6 8
6/08 13 0 0 4 3 6
6/10 24 0 0 3 2 5
McNary Dam 6/01 30 0 0 0 0 0
6/03 30 0 0 0 0 0
6/05 30 .0 0 0 0 0
6/07 30 0 0 0 0 0
6/09 15 0 0 0 0 0
6/11 30 0 0 0 0 0
6/13 30 0 0 0 0 0
i = =
John Day Dam 5/31 30 2 14 14 2 22
6/02 30 2 4 8 2 14
6/04 30 1 18 9 3 21
6/06 30 4 14 12 0 29
6/08 18 0 i 2 1 2
6/10 30 3 20 5 2 22
6/12 30 3 7 7 24
Bonneville Dam 5131 30 19 30 25 4 30
6/02 30 0 30 9 3 30
6/04 30 2 26 13 11 27
6/06 30 5 29 9 18 30
6/08 30 3 26 18 9 29
6/10 22 2 19 7 0 19
6/12 30 11 7 28

Fish Passage Center

June 13. 1994



Fish Passage Center

Fish Passage Center Juns 22, 1994
1994 Smolt Monitoring/ Program Gas Bubble Symptoms- Lateral Line and Internal Symptoms
Juvenile Hatchery Steethead
Lateral Line | Lateral Line Gill Internal Total

Site Date # Sampled External Internal Filaments Symptoms Affected
Little Goose Dam 6/09 18 0 ( 2 3 5
6/11 18 0 c 2 ' 3
6/13 21 ) ¢ 0 ' 1
6/15 22 0 0 0 0 0
6/17 25 d a 3 0 3
6/19 23 o a 0 0 0
6120 8 a 0 0 0 0
ILower Monumental Dam 6/08 13 0 0 4 3 6
6/10 24 0 3 2 5
6/12 12 0 0 2 3 4
6/14 7 0 0 1 ! 2
6/16 6 0 0 0 0 0
6/18 25 0 0 2 2 3
6/20 30 0 0 3 4

r— — = —— ——

MiNay Dam 6/09 15 0 0 0 0 0
6/11 30 0 0 0 0 0
6/13 30 0 0 0 0 0
6/15 30 0 0 0 0 0
6/17 30 0 0 0 0 0
6/19 30 0 0 0 0 0
6/21 30 0 0 0 0 0
John Day Dam 6/08 18 0 ! 2 ' 2
6/10 30 3 20 2 22
6/12 30 3 23 7 7 24
6/14 30 0 15 7 7 20
6/16 22 0 17 5 2 19
6/18 20 0 ! 0 ! 7
6/20 8 0 6 ! 0 6
Bonneville Dam 6/08 30 3 26 18 s 29
6/10 22 2 19 7 0 19
6/12 30 1 28 1 7 28
6/14 30 2 29 6 9 29
6/16 29 2 29 ! 7 29
6/18 22 0 21 ! 1 21
6/20 5 0 5 0 5

June 22, 1994



THISSAMPLING REPRESENTS A MICROSCOPIC EXAMINTION OF 30 SACRIFICED

NUMBERSREPORTED REPRESENT. THEPRESENCE OF

ANY POTENTIAL SIGN OF GBT, RANGING FROM THE PRESENCE OF ONE BUBBLE
IN A GILL HLAMENT OR LATERAL LINE TO MULTIPLE EFFECTS ON INTERNAL

ORGANS. AT THIS TIME ALL CRBWS ARE REPORTING THESE SYMPTOMS AS
MINOR INCIDENCE. THE LATERAL LINE IS OBSERVED IN A TWO-STEP PROCESS,
INCLUDING AN EXAMINATION OF THE INTACT LATERAL LINB WITH A
DISSECTING SCORPE (LL EXT) AND AN EXAMINATION OF THE LATERAL LINE
AFTER THE SKIN IS PEELED BACK({INT LL).

o P R .
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e S E R BB L
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1994 NM FS Gas Bubble Svmptom Momtormg a FGE sites - Juvenile aalmomds ]
Lmie Gonse Dam McNarv Dam ‘I’he Dalles Dam Bonne\nlle Dam
| date | Species # Obs I# Samp !% GBS || # Obs ]# Samp ] % GBS l # Obs [ # Samp|% GBS |# Obs |4 Samp | % GBS
15/18 [ HCH1 0 371 0.0% (o 100 [0.0% .0 94 0.0% ||0 100 0.0%
WCH! 0 0 - 0 0 — 0 0 0 0 _
CHO 0 0 - 0 0 — 0 0 0 a -
HST 0 166 0.0% |lo 137 |0.0% o 46 0.0% ||0 100 0.0%
WST 0 0 - 0 0 - 0 0 — 0 0
WSO 0 0 - 0 0 — 0 11 0.0% 0 0
COHO 0 0 — 0 0 — 0 53 0.0% |0 100 | 0.0%
L All Species ({0_ 537 0.0% |0 237 100% (|0 204 {0.0% [0 {300 9.0%
05/19 | HCH1 - 0 10 |00% o 64 0.0% |0  Jiwo o0% |
WCH]1 - 0 0 - 0 0 0 0 -
CHO - 0 0 - 0 0 0 0 -
HST —_ 0 83 00% |0 43 0.0% 0 100 0.0%
WST - e 0 - 0 0 0 0 -
WSO - 0 0 - 0 1 2 ]0.0% {0 0 -
COHOD — 0 0 - 0 42 0.0% |0 | 100 0.0%
All Species || 0 0 - 0 183 10.0% |6 161 fo.ow _ Jo 300 [0.0%
®/20 [ HCHI 0 "1’654 loow llo 1 100 loow Jlo 94 0.0% —
WCH1 0 0 0 0, 0 0 —
CHO 0 0 - 0 0 0 0 —
HST 0 340 0.0% 0 52 0.0% (0O 92 0.0% —
WST 0 0 0 0 0 0
WSO 0 0 0 0 0 16 0.0%
COHO 0 0 0 0 0 61 0.0% -
1 AD Species [0 904 0.0% |0 12 00% o 263 fo.0% Jo 0 =
05/21 |HCHI 0 e  [0.0% - o 17 0.0% | ] I
WCH]1 0 0 -_— — o} 0 )
CHO 0 0 — — 0 0 ‘ -
HST 0 551 0.0% - 0 13 0.0% -
WST 0 0 - — 0 0 -
WSO 0 0 — - 0 0 - —
COHO 0 0 - - Q} 20 13.0%
_ [ ARl Species |[ 0 1171 jo.0% o 0 — lo 50 0.0% |0 0 =
0:5/22 | HCHI 0 527 100% |} 98 l20% | -
WCH1 0 — 0 0 — - 0
CHO 0 0 - 0 0 — -
HST 0 536 0.0% |0 32 0.0%
WST 0 0 - 0 0 - - -
WSO 0 0 - 0 0 —_
.COHO 0 0 —_ t] 0 —_—
| = lAll Soecies || 0 1.063 [ 0.0% I 21130 |15% Jo 1jD - J==:L_m =
05523 | HCH1 '0 241 |0.0% |0 00 [0o% [0 52 0.0% —
WCH1 0 0 — 0 0 - 0 ) : -
CHO 0 0 — 0 0 — 0 3 - —
HST 0 471 0.0% 0 138 0.0% |0 3 1.0% o
WST 0 0 — 0 0 — 0 3 - -
WSO 0 0 — o 0 - 0 | 0% —
COHO 0 0 — 0 0 — 0 13 1.0%
All Speciesflo_imz2 _lo.o% Jlo 1238 Jo.ow Jo _Igr  Jizown Jo JO 1= |
o624 | HCH1 llo 272 10.0% o 101 j0.0% o 46 1.0%
WCHI 0 0 - 0 0 - 0 3 i —
CHO 0 0 — 0 0 - 0 3 :
HST 0 467 0.0% 1 84 1.2% o 70 1.0% —
WST 0 0 - 0 0 —_ 0 3 - I-
L wen N v — 2 Lo - by L4 (3.0% —
COHO 0 0 - 0 0 — 0 19 0.0%
All Species |0 739 0.0% |1 185 105% |0 139 0.0% {.0 0
L _ T — - _— r—
Fish Passage Center Page 4 Juveniles May 25. 1994



1994 NM FS Gas Bubble ‘Symptom Monltorlng at FGE S|tes Juvenlle Salmomds

Lntr.leGoose Dam Mc]Narleam l'he Dalles Dam Bonnewlle Dam
Date | Species # Obs |# Samp | % GBS | # OIE_E Samp | % GBS || # Obs ;#Samp) | % GBS |# Obs |# Samp | % GBS
(s y =
05/29 HCH1 - 1] 288 0.0% 0 78 0.04 0 100 0.0% -
WCHL 0 0 - 0 0 - Q 0 -
CHO 0 0 — 0 0 B 0 0 - -
HST 0 478 0.04 0 168 0.0% 0 100 0.0% -
WST 0 0 - 0 0 - 0 0 - -
WSO 0 0 - 0 0 - 0 20 0.0% -
COHO 0 0 — 0 0 - 0 60 0.0% -
| {lAuspecies | 0| _766 0.0 0| _2461 00 0| _280 | _0.0% 0 0 —
05/26 | HCH1 0 348 o.oj 0 98 | 0.0%
WCH1 0 0 - 0 0 o -
CHO 0 0 - 0 0 — —
HST 0 320 0.09 0 99 | 0.0% —
WST 0 0 - 0 0 - —
WSO 0 0 — 0 0 - -
COHO 0 0 - 0 0 - —
[ |All Species| o | _668 00% _ 0| 197 | 00% | _0| __20 —| 0ol 0 -
05727 | HCH1 0 533 0.0 0 105 0.0% 0 100 0.0% -
WCHI 0 0 -~ 0 0 - 0 0 - mn
CHO 0 0 — 0 0 — 0 0 e -—
HI3T 0 205 0.0% 0 117 0.0% 0 100 0.0% -
WST 0 0 - 0 0 .- 0 0 —_ e
WSO 0 0 - 0 0 — 0 20 0.0% -
COHO 0 0 - 0 0 — 0 40 0.0%
M 0| 038 | Q0% _ 0| 22| 0WR| __0| 260 0.0%) 01 _0
05/28| HCHI — 0 107 0.0% — -
WCH1 -= 0 0 - —_ -—
CHO - 0 0 - w— -
HST — 0 100 | 0.0% —
WST - 0 0 - - wen
WSO - 0 0 — -
COHO — 0 0 -
ALl Species 0 0 — 0 207 0.0% 0 0 — 0 — —
05/29 HCHI — 0 101 0.0% - -
WCHI — 0 0 e -
3 0| w| oo - -
HST )
WST B 0 0 - -
WSso 7 0 0 - - -
— 0 0 — -— -
| Xﬁggecies o __0 — 0 239 0.0 | __ 0 0 — 0| .0 —
05:30 | HCHI - "o | 19| oow —
WCH1 -~ 0 0 - ——— -
CHO — 0 0 — -
HST — 0 125 0.0% - -
WST - 0 0 - nen .
WSO — 0 0 — -
COHO — 0 0 - - nes
___lAlSpecies | _ 0| __0 — _ 0| _244] 00%| _ 0| 0 e 0 0 —
05/31 | HCH1 — 0 100 0.0% -
WCH1 - 0 0 - — -
CHO - 0 0 - —
HST — 2 99 | 2.0% - -
WST - 0 0 —_ - -
W50 - 0 0 - — -
COHO — 0 0 - -— -
All Specics 0 0 -l 2 199 1.0% 0 0 0 ] —
Fish Passage Center Page 4 Juveniles June 1, 1994



1994 NMFS Gas Bubble Symptom Monitoring : FGE sites - Juvenile Salmonids
Litde Goose DaM McNary Dam | e Dalles Dam - Bonnevill_e am. _
IDate Species # Obs f_§_a_r.n_p %GBS [l # Obs | # Samp | % GBS |#9£§_ ; U#__S..?ﬁp % GBS |# Obs | #Samp | 4 CBS
05/27 | HCHI 0 533 | 0.0% G ws |l g1 109 ,
WCHI — 0.0%- .
CHO - : -_
HST 0 205 0.0% 0 117 t U 0 100 0.0% .
WST — — —
Ws0 - - 0 20 0.0% . A
(;QH,Q_“!__ -— y 0 40 0.0% -
All Species || 0] 78| o009 01 2220 00%1 of 2601 .09 0 0 el
05/28 | HCHI — o] 1wr] (0% ' —
WCHI - — -
CHO - - -
HST - O 10| 00% -
WST — - -
WSO — -
COHO — L -
All Species _ 0r 0 — | 207 0.0% 0 | _I__O W) I O #ﬁ =
05/29 | HCH! I 101] 0.0% l —
WCHI - --
CHO . - — -
HST - 0 138 0.0% - -
WST — - - -
Ws0 - - -
COHO - - - -
All Species J) __0 8] =i 0 __2_?19__:: 8.0% 0-___@“_: | 0 ) —
05/30 | HCH1 — 0 119 | 0.0% -
WCHI - -
CHO - — -
HST — 0 125 | 0.0%
WST ] -
WSO - -
COHO - - -
All Species || O 0 = 01 244! 0.0%y ol 0] = 0 0l =
05/31 [ HCHI - 0 100 | 0.0% - ——
WCH! - - -
CHO - —
HST e 2 9 [ 2.0% - -
WST - —
WSO - —
COHO - — ‘ -
Al Species 0 0 = 2] _199f 10% | _0 0 - 0 ) _
06/01 | HCHI f= - 0 103 0.0% T -~
WCH) - _ -
CHO - —
HST - 0 100 {  0.0% )
WST - — -
WSO — - —
COHO - -
All Species - 0 0 =i m0 203 0.09’2 0 0 — 0 0 —
06/02 |HCHI 1 o w2l 0.0% o] =
WCH]I - - N
CHO — o - -
HST - D w0 0.0% -
WST - -
WSO — - - -
COHO — ] -
All Speeies || 0] 0 — o0l 202 0.0% 0 0 0 0 —

‘Fish Passage Center Page 5 Juveniles June 8. 1994



. NMFS Gas Bubble Symptom River Reach Monitoring - Juvenile Salmonids

Below.Bonneviile Dam

Below Ice Harbor Dam BelowPricst Rap

15/19

5/20

CHI

WCHI

CHO

HST

WST
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COHO
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Species I # Obs l# Samp ! % GBS #0bs | # Samp
' 2

‘

% GBS |[#Obs |#Samp | % GBS

0.0%

!
N OoOOoOOoODoOQ
‘OOGDO
f

:NO
<

Pl g
-0
R
[}
[}

CHI

WCHI

CHO

HST

WST

wsQ

COHO

All Salmonjds
Nonsalmonids

CHI

WCH!1

CHO

HST

WST

WSO

COHO

All Salmonids

CH1
WCH1
CHC
HST
WST
Ws0

Nonsalmonids

® =N

1 EEEEEEEE

coooocoocoollocoooocoo
—
o
1¥;1

Scgilggigiiessy
[~ = co!'olleeo
RA R |E MmRAN

(=23
w

|

BRI

|
e
=]

I

l
o

i

|

i23

QHO
Salmonids

onsalmonids

coooocoo
|
i

2.0%

w
-
-
IX)
a

5724

H{

CH!

HO

ST

ST

SO

QHO
Salmonids

onsalmonids

Lo = - e R o I = I - N o ) OQOOOGODO] (=]

0.0%

W
e
o
R

0.0%

0.0%
0.0%

=1
=

WO OO OQOQOIIve oo oo oo

OO OO0 o0 o
1
.
[or I — A o B - T e I o B I e 3
O DO WOk
13
1
1

o
[
oo
)

0.0%

Fish Passage Center

Page 5 Juveniles

May 25. 1994



1994 NMFS Gas Bubble Symptom River Reach Monitoring - Juvenile Salmonids

Betow Bonnaville Dam Below Ice Harbor Dam Below Priest Rapids am

Species l# Obs I# Samp | % GBS ’ # Obs l # Samp | % GBS !# Obs | # Samp l % GBS
05720 CH1 - 16 0.0%

0 —
103 0.0%
1 0.0%
0 —
Q —_
8 0.0%
128 0.0%
0.0%

WSO
COHO
All Salmonids 0
Nonsaimonids

05721 I CHI |

WCH1 i
CHO
HST
WST
Wso
COHO
All Salmonids || 0 0

Nopsalmonids __ 1l !

05122 CH!

WCH1
CHO
HST
WST
WSO

COHO
All Salmonids 0 [{]
Nounsalmonids

05123 CH! [
WCHI

CHO

HST

WST

WSO -
‘COHO

0 —
All Salmonids | 0 100 0.0%
Nonsalmonids 0 168 0.0% .
e —— e

0524 CHI
WCH1

CHO

HST

wsT

WSO

COHO

All Safmonids
= 1 Nonsalmonids

Or2s |cHi -

WCHI
CHO

HST
WST

WSO

CQHO

All Salmonids
[ Nonsalmonids 0
D:i126 { CHI -
WCH]1 - -
CHO — _—
HST _— -
WST - —_—
WSO — —
CQOHO — -
All Salmonids 0 0 — 0 4] —
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1994 NMFS Gas Bubble Symptom River Reach Monitoring - Juvenile Salmonids

Below Bonneville Dam

Below Ice Harbor Dam

Below Priest Rapids Damn

Date

Species

# Obs

# Samp

% GBS

05726

|

05427

Nonsalmonids

| Nopsalmonids

F!

CH!

WCH!L

CHO

HST

WST

WSO

COHO

All Salmonids

CH1

WCHL1

CHO

HST

WST

Wso

COHO

All Salmonids

T ——
——
——

i

[# 00| # Samp

% GBS

# Obs

it

i

|

i

0

0

[ — I )

# Samp

8

87

101
160

% GBS

G.0%

0.0%

108

05/28

CHI1

WCHI1

CHO

HST

WST

WSO

COHO

All Satmonids

Nonsalmonids

Q3129

CH1

WCHI

CHO

HST

WST

W30

COHO

Al Salmonids

Nonsaimonids
830 CH1

WCHI

CHO

HST

WST

W50

COHO

Al Salmonids
Nonsalmonids

oo

97
103

<

179

D5/31

cHy .
WCHI
CHO
HST
WST
WS0
COHO
All Salmonids
Nonsalmonids

(=N — =]

49

41

94
67

100
234

DG/

CH1

WCHI1

CHO

HST

WST

WSO

COHO

Al Salmonids
Nonsaimonids

102

Fish Passage Center

Page 5 Juveniles

June 2. 1994



Below Banncvx!lc Dam

Bclow lcc Harbor Dam

1994 NMFS Gas Bubble Svmmom Rlver Reach Momtorme Juvenlle Qa]mnmde

Bc]ow Pncst Raplds Dam

Date

Species

[ 05/31 CHI
WCH]1

CHO

HST

WST

WSO

COHO

All Salmonids
Nonsalmonids

#0bs | # Samp

0

0

o oo

49

41

94
67

0.0%

0.0%

0.0%
0.0%

% GBS

# Obs

# Samp

% GBS

# Obs

# Samp | % GBS

0

0

6 0.0%

94 0.0%

0.0%
1.3%

100
234

06/01

CH1

WCH]

CHO

HST

WST

Ws0

COHO

All Salmonids
Nonsalmonids

102 0.0%

06/02

06/03

0s/04

06/05

CH!
WCHI
CHO
HST
WST
W80
CoHO

All Salmonids
Nonsalmonids

CH1

WCHI

CHO

HST

WST

WSO

CQHO

All Salmonids
Nonsalmonids

IOQO

102

CH1

WCHI

CHO

HST

WST

WSO

COHO

All Saimonids
Nonsalmonids

CHi

WCHI1

CHO

HST

WST

WwSs0

COHO

All Saimonids
Nonsalmonids

06/06

CH1

WCHI

CHO

HST

WST

WSO

COHO

All Salmonids
Nensalmonids

29
181

21 0.0%

31 0.0%

52 0.0%

291

Fish Passage Center

Page 6 Juveniles

June 8. 1994



1994 NMFS Gas Bubble Symptom River Reach Monitoring -Juvenile Salmonids

Below Bonneville Dam

Below Ice Harbor Dam

Below Priest Rapids Dam

Date

06/03

Species

CH!

WCH1

CHO

HST

WST

Wwso0

CCHO

All Salmonids
Nonsalmonids

# Obs

# Samp

% GBS

l#Obs # Samp |%GBS

# Obs

# Samp | % GBS

[ r—

a6/04

06/05

CH1
WCHI1
CHO

HST
WST

W50

COHO

Al Salmonids
Nonsalmonids

CH1

WCH1

CHO

HST

WST

WSO

COHQ

Al Salmannids

Nonsalmonids

06/06

CHI1

WCH1
1CHO

HST

WST

WSO

COHO

All Salmonids
Nonsalmonids

06/07

06/08

CHI
WCH1
tHO

HST
WST

WSO

COHO -

All Salmonids
Nonsalmonids

CH1-
WCHI |
CHO

HST
WST

WSO

COHO

All Salmonids
Nonsalmonids

181

42

291

L= I~

T
30

100
126

63

37

100
123

I o¢s109

| cut

WCHI

CHO

HST

WST

W50

CCHO

Al Salmonids
Nonsalmonids

639

0.0%

—

Fish Passage Center

Page 6 Juveniles

June 13, 1994



Below Bonneville Dam

Below Ice Harbor Dam

_ __ Gas uble Symptom River Reach Monitoring - Juvenile Salmonids

Below Prie ids l

CH!
WCH 1
CHO

HST

WST

WSO

COHO

All Salmonids
Nonsamonids

COHO
Au Salmonids
Nonsalmonids

06/12

CH1

WCH1

CHO

HST

W8T

WSO

COHO

All Salmonids

CH1

WCH1

CHO

HST

WST

WSO

COHO

All Salmonids
| Nonsalmonids

Nonsalmonids

% GBS " # Obs

#Samp

% GBS

It o614

06/15

CH1

WCH1

CHO

HST

WST

WSO

COHO

All Samonids

CH1

WCH1

CHO

HST

WST

WSO

COHO

All Salmonids
| Nonsalmonids

| Nonsalmonids

Fﬁe

CHI

WCH1

CHO

HST

WST

WSO

COHO

All Salmonids

Nonsalmonids

Fish Passage Center

239

Page 6 Juveniles

Jume 21, 1995-



1994 NMFS Gas Bubble Symptom Rwer Reach Momtormg Juvemle-Salmomds

Below Bonnevﬂle Dam

Below Icc Harbor Dam

Below Pnest Rapxds Dam

Date

Species

# Obs

# Samp

% GBS

# Obs

# Samp

% (GBS

# Obs

# Samp

% GBS

06/14

CH!

WCHI

CHO

HST

WST

WSO

COHO

Al Salmonids
Nonsalmonids

0
0

CH1

WCH1

CHO

HST

WST

WSO

COHO

All Salmonids

Nonsalmonids

4

i1

i5
141

0.0%

0.0%

183

e vt
I
P

2]

CHI1

WCH1

CHO

HST

WST

W50

COHO

All Salmonids
Nonsalmonids

CH1

WCH!1

CHO

HST

WwsT

WSO

COHO

All Salmonids
Nonsaimonids

CH1

WCHI1

CHO

HST

WST

WSO

COHO

All Salmonids
Nonsalmonids

CHI1

WCHI

CHO

HST

WST

W50

COHO

Al Salmonids

Nonsalmonids

CHI

WCH1

CHO

HST

wWST

wWSs0

COHO

All Salmonids
Nonsalmonids

| IV—

38

59
159

FishPassage Center

0.0%

0.0%

Page 6 Juveniles
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1994 NMFS Gas Bubble Sym

Below Booneville Dam

Net Pen Studies -

- Below Ice Harbor Dam

% TDG | # Obs | # Samp

5/16-20
Test 30 0.0%
Controt 20 0.0%
5/23-27 | TDG 116
Test 39 26%|, 0 3 8 37.5% —_—
Control 18 5.6% 0 15 0.0% -
e —— T — r——
5/30-6/3 | TDG I 1
Test 43 0.0% 3 54 5.6% -
Control L 25 { 12.0%] 0 0_ 20 0.0% —
6/06-6/1 | TDG || 118 T
Test o 57 0.0% 0 0 47 0.0% -
Control 0 19 0.0% 0 ! 0 25 _9.0% it B

Fish Passage Center

Page 7 Juveniles

June 23, 1994



Bommeville Dam

Iee Harbor Dam

1994 NMFS Gas Bubble Symptom Monitoring at Traps - Adult Salmonids

Lower Granite Dam

Date | Species [#00s [#Samp [% GBS |[#0bs [#Samp | % GBS |/ # Obs |# Samp | % GBS
“l 05/18 | Chinook ’( [ - [ . o 16 |0.0%
Sockeye
Stecthead - - -
All Species || 0 0 - 0 0 — 0 16 0.0%
05/19 | Chinook - - o 3 10.0%  {l
Sockeye - - -
Steelhead - — —
All Species_ || 0 0 - 0 0 - 13 0.0%
05/20 | Chinook 0 4 00% |0 6 10.0% || 0 9 10.0%
Sockeye - |
Steethead 0 9 0.0% — -
All Species || 0 13 0.0% 0 6 0.0% o 9 0.0%
o e LR LS e e
05/21 | Chinook = — 0 7 0.0%
Sockeye — - _
Steelbead —— — —
All Species___| 0 0 - 0 0 - 0 7 0.0%
05722 | Chinook 0 8 10.0%
Sockeye — — —
Steclhead — — -
Al Species || 0 0 — 0 0 —_ 0 8 0.0%
e L e S e =
05/23 | Chinook 0 13 0.0% 0 7 0.0%
Sockeye 0 0 — 0 0 -
Stesthead 0 9 0.0% 0 0 -
All Species || 0 2 0.0% 0 7 0% o 0
——*—*—*—7‘—'&'—"——_‘“ oL
0 Chinook 6 0% No 7
Sockeye — 0 —_— 0 0
Steslhcad — 0 - 0 0
All Species 6 0.0% o 7

Fish Passage Center

Page | Adulis

May 25. 1994



1994 NMFS Gas Bubble Symptom Monitoring at Traps - Adult Simorics

' Bonneville Dam Iee Harerarn . o Loer (c o

Date | Species #0bs |#Samp | % GBS [|#Obs |# Samp | % GBS || # Obs I# Samp | % GBS
05/25 | Chinook 0 16 0.0% -0 6 0.0% 0 11 0.0%
Sockeye — — ‘ -
Steelhead 0 6 0.0% -— -—

All Species 0 22 0.0% 0 § 0.0% 0 11 0.0%

05/26 | Chinook _ 0 4 0.0% 0 14 0.0%

Sockeye - - -
Steelhead , — - -

All Species 0 0 - 0 s 00% 0 1| oo%

05/27 } Chinook 0 21 0.0% 0 4 00%
Sockeye - — —
Steelhead - — —

All Species 0 I 0 e 0 2 0.0% | 0 4 0.0%
—lee e e e

05/28 | Chinook -— -~ .0 11 0.0%
Sockeye — —— ——
Steelhead — — -

All Species 0 0 - 0 0 | I 1ni 0.0%

05729 | Chinock -— - 0 12 0.0%
Sockeye - ) — -
Steethead ) — - . —

All Species 0 0 — 0 9 — 0 12 0.0%

05/30 | Chinook . 0 6 0.0% 0 2 0.0%
Sockeye - — -
Steelhead - - -

Al Species 0 0 - 0 6] 00%[ 0 2| 0.0%

05/31 | Chinook 0 21 0.0% 0 5 0.0% 0 8 0.0%
Sockeye - _—— —
Steelhead 0 10 0.0% ' - -

All Species 0 31 0.0% 0 § 0.0% 0 8 0.0%

Fish Passage Center Page 1 Adults June 1, 1994



1994 NMFS Gas Bubble Symptom Monitoring at Traps - Adult Salmonids

Bommeville Dam [ce Harbor Dam Lower Granite Dam
Date | Species FObs J#Samp |{% GBS [#Obs |#Samp ‘ % GBS l #Obs | # Samp | % GBS
05/30 | Chinook - 0 6] 00%] o 2 [ 0.0%
Sockeye — —_ . -
Steelhead — — .
All Species 0 0 - 0 ] 6 0.0% ) 2 0.0%
05/31 | Chinocok 0 21 0.0% 0 5 0.0% 0 8 0.0%
Sockeye - -— -
Steelhead 0 10 0.0% -
All Species 0 3 0.0% 0 5 0.0% g 0.0%
06/01 | Chinook 0 29 0.0% 0 0.0% 0 6 0.0%
Sockeye —- —_ —_
Steelhead 0 15 0.0% -_ -
All Species 0 44 0.0% 0] 0.0% 0 0.0%
06/02 | Chinook - 0 0.0% 0 0.0%
Sockeye - = —
Steelhead o — —
All Species 0 [ -j__ o 6 0.0% 0| 2 0.0%
e e = == =2 —= SN
06/03 | Chinook 0 10 0.0% 0 5 0.0% 0 10 0.0%
Sockeye - ves -~
Stealhead 0 5 0.0% —
All Species ) 15 0.9% 1] ) 0.0% 0 10 0.0%
06/04 | Chinook - — 0 7 0.0%
Sockeye — — —
Stzelhead —_ — —
All Species 0 0 — 0 0 — 0 0.0%
06/35 | Chincok - -— 0 0.0%
Sockeye . -
Steethead — - -
All Species L] 0 — 0 0 -— 0 6 0.0%
Fish Passage Center Page | Adults

June 6. 1994



1994 NMFS Gas Bubble Symptom Monitoring at Traps - Adult Salmonids Il
Bonneville Dam |CCHarbor Dam Lower Granite Dam

\l Date | Species #0bs |#Samp | % GBS [(#Obs |[#Samp |% GBS ||#0bs |# Samp | % GBS .

06/03 | Chinaok 0 0] 0.0% 0 5| 0.0% 0 10] 0.0%]|
Sockeye -
Steeihead 0 5 0.0% - -
All Species 0 15 0.0% 0 5 0.0% 0 19 0.0%
06/04 { Chinook - - ¢] 7 0.0%
Sockeye A — — —

Steelhead - —_ |l
All Species 0 0 —_ 0 0 — 0 7 0.0%

06/05 | Chinook | | | 0 6 00%
Sockeye | | —— \ —
Steelhead . —— ——
All Species 0 0 — 0 1] — 0 6 0.0%
06/06 | Chinook - 0 3 0.0% 3 0.0%
Sockeye —— - —
Steelhead — — —

All Species 0 0 - 0 31 0.0% 0 3]  0.0%|

T —— T T T Sty [———————— e
06/07 | Chinook — 0 3 0.0% 1] 7 0.0%
Sackeye -— — —_
Steelhead — — —
Al Species 0| 0| - 3] 00% 7| 00%
06/08 | Chinook 0 25 0.0% 0 4 0.0% 0 10 0.0%
Sockeye o 2 0.0% - -—
Steelhead 0 15 0.0% - -
All Species Q 42 0.0% 4 0.0% 0 10 0.0%
06/09 | Chinook - 0 3 0.0% 0 i1 0.0%
Sockeye — -— ——
Steelhead — i — _ —

All Species i g tH —_— v 3 0.0% H HH % 11

Fish Passage Center Page 1 Adults June 13, 1994



1994 NMFS Gas Bubble Symptom Monitoringat Traps- Adult Saimonids ,

Bonneville Dam Ice Harbor Dam Lower Granite Dam
Date | Species |#0bs |#samp % GBS |[#Obs |#Samp | % GBS [/ #0bs |# Semp | % GBS
06/10 | Chinook - ] 3
Sockeye e :
Steelhead —
| Al Species 0 0 —=l__of 3| |8 00%]
06/11 | Chinook — 0 8 0.0%
Sockeye — s
Steethead . . -— -
All Species 0 0 - 0 0 ¢ 8 0.0%
06/12 { Chinook - 0 10 0.0%
Sockeye - —
Steelhead
All Species | 0.0%
36/13 | Chinook 0.0%
Sockeye -
Steelhead -
All Species | 0.0%
e |
}6/14 | Chinook 0.0%
Sockeye -—
Steelhead —
All Species 0.0%
)6/15 | Chinook 0.0%
Sockeye —
Steelhead
All Species | 0.0%
¥6/16 | Chinook 0.0%
Sockeye —
Steethead -
All Species O.O%E

Fish Passage Center Page 1 Adults June 17. 1994



Fish Passage Center

Bonneville Dam

Ice Harbor Dam

Lower Granite Dam

1994 NMFS Gas Bubble Symptom Monitoring at Traps - Adult Salmonids

06/19

Chinook
Sockeye
Steelhead
All Species

Sockeve
Steclhead
All Species 0

|| Date | Species #0bs | #Samp | % GBS || # Obs % GBS | # Obs |# Samp | % GBS
06/15 | Chinook 0 34 0.0% — 0 7
Sockeye 0 23 0.0%
Stelhead 0 22 00%
All Species 0 86 0.0%
06/16 | Chinook 0 35 0.0%
Sockeye 0 38 0.0%
Steelhead 4] 31 0.0%
| All Species 0 104 0.0%
06/17 | Chinook ——
Sockeye —
Steelhead —
ANl Species 9. 0 —
06/18 |Chinook | | | I

06/20™ |

Chinook

0621

Sockeye
Steelhead
All Species
Chinook
Sockeye
Steethead
All Species

Page 1 Adults

June 24.1994



{-ush Passage Cenwr

Daily Average and Instantaneous High Tota Dissolved Gas Saturation (%) at Upper and Middle Columbia Stations

May 25, I'W

Boundary
Waters  Grand Coulee Chid Joseph Wells  Rocky _Reach Rock Idand Wanapum
Avg High Avg High  Avg High  Avg High Avg High Avg High Avg High Avg High Avg_High Avg High
5/11 114 119 106 107 105 105 108 109 108 108 110 m 112 113 119 127 - = 115 119
05/12 117 119 107 108 105 106 109 109 107 107 110 112 112 113 117 126 118 120 2 17
05/13 17 1 106 107 105 105 108 109 105 106 109 11 109 111 15 15 114 120 110 113
05/14 17 122 106 107 - — 107 109 105 106 108 110 109 10 114 1% 115 121 109 110
05/15 116 121 107 108 - — 108 109 108 109 108 109 110 112 118 124 17 12 110 113
05/16 114 120 107 108 - — 108 108 109 110 109 110 110 112 ur 127 115 119 109 112
05/17 116 120 107 108 107 108 108 109 - — —_ — 109 111 117 126 115 11 110 113
05/18 115 120 106 107 106 107 108 108 109 1 109 m 106 109 116 126 15 120 109 114
05/19 114 117 106 107 107 108 107 107 110 111 110 1m 107 108 116 126 114 18 110 113
05/20 112 116 107 108 107 108 108 108 109 1M 109 11 108 109 116 126 114 119 10 13
05/21 112 1133 107 108 107 108 108 108 109 m 109 m 106 110 126 127 15 124 110 14
05/22 112 113 106 108 107 108 108 108 108 109 108 109 107 110 - — 116 120 1m 15
0623 113 116 106 107 107 107 108 109 108 109 108 109 108 1 - — 120 124 15 18
0524 112 113 107 108 107 108 109 110 109 109 109 109 109 110 - — 119 127 116 10
Daily Average and Instantaneous High Total Dissolved Gas Samration (%) at Snake Basin Stations
. . Lower Below ice
Lower Lower Granite Almom Lite Limle Goose Lower  Monumenal Below ice “Harbar  Hood Park
Dworshak Grapve  Tailmce (6 mi below LOR) Goose  Taflmce Mopumentsl — Tailmee Ice Harbor Harbor (3.6 mi)  (redumdanyy Bridge
Date Avg High AvgHigh Avg High Avg High AngiEh Avg High _Ave High Avg High Ave High Ave High Avg High _AvgHigh
05/11 108 110 103 104 105 113 104 106 116 117 113 114 - 112 114 128 135 113 115
05/12 105 109 103 104 110 122 107 120 105 106 115 117 112 113 113 124 111 113 122 127 112 115
0513 98 99 102 103 111 121 111 121 104 105 115 120 111 112 113 116 112 113 121 121 112 114
05/14 99 99 1 105 114 122 112 121 105 106 18 119 112 112 114 118 110 114 m 122 120 11 113 115
fere 108 117 103 104 118 121 111 120 109 111 115 118 112 113 112 115 112 113 122 122 121 121 113 113
16 117 103 104 - - 111 121 108 110 118 118 112 113 114 117 111 112 121 122 120 121 113 114
116 116 102 103 111 122 110 121 107108 116 118 M1 113 112 116 110 111 21 121 120 121 112 113
05/18 116 116 102 104 112 123 112 121 107109 116 118 113 114 114 116 1M1 113 120 121 120 121 113 14
05/19 115 116 103 104 112 121 120 121 108109 114 118 114 115 114 116 11 111 121 122 120 121 112 113
0520 117 120 103 104 111 119 — — 107107 114 118 114 115 114 117 111 112 01 122 120 11 12 114
0521 119 120 14 107 111 118 — — 107109 15 117 112 113 113 17 109 114 1 12 120 122 12 115
05/22 119 120 104 105 111 118 — — 109110 M5 117 112 113 115 118 112 114 120 11 120 122 113 115
05/23 119 120 105 106 -- — - — 110115 — — 114 115 - - - 113 115 m 121 m 12 113 116
05124 119 120 107 110 — — - — 113115 .— — 114 116 — - - 115 119 o 12 121 12 14 117
Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Lower Columbia Stations
McNary
McNary  McNary South ~ McNary The Dalles Warrenddle Camag/ Wauna
North  South (redundent)  Tailrace John Day The Dalles  (redundent) Boneville Warrmdalew‘(%% Skamania Washougal  Kalama Mill
Dae Avg High Avg High Avg High Avg High AvgHigh Avg High AvgHigh AvgHigh AvgHigh AvgHigh AvgHigh Avg High Avg High AvgHich
0511 119 121 116 ™21 — — 115 117 113 114 112 115 - — 1mmm W™ w -— — — — — 114 116 min
0512 U7 118 17 122 — — 115 117 112 112 108 113 — — 110 112 114119 — — 117 126 110 114 13 116 1011
0513 115 17 115 121 — — 116 120 111 112 110 14 - — 112 114 115 118 — — 117 124 107 113 113 116 109 110
0514 116 118 14 117 14 117 117 121 113 U6 113 117 111 114 114 119 115 119 — — 117 120 107 112 113 116 10 1M1
0515 15 117 113 114 113 114 115 117 113 13 113 116 107 13 115 118 116 119 — — 118 12 107 110 114 115 111111
0516 113 114 14 118 14 118 115 120 1M 112 12 113 112 119 115 116 116 117 -- - 118 123 106 110 112 113 109 111
0517 112 114 112 114 112 114 114 118 110 M - - 118 120 113 115 114 118 - - 116 120 105 108 112 113 107 109
0y18 110 112 110 112 110 112 113 119 109 110 - - 116 117 111 115 114 115 - --- 115 120 105 109 112 113 107 108
50/19 109 110 109 110 109 110 113 118 109 110 109 110 117 118 111 111 113116 111 112 114 119 104 107 112 113 107 109
0520 110 110 109 109 109 109 114 118 108 109 108 110 117 118 110 11 112 114 111 113 114 118 104 107 111 112 107 108
s/ 11 114 111 118 110 114 — — 107 108 107 110 116 118 111 116 113 114 112 114 116 120 105 111 111 113 107 107
0 2 14 112 120 112 121 — — 107 109 106 110 114 18 113 116 114 115 114 115 117 121 106 111 111 114 106 108
0. 18 12 1M 116 112 116 — — 110 13 108 110 115 117 113 115 114 117 114 116 117 121 107 112 112 114 106 108
05/24 117 122 14 119 114 119 - - 111115 110 113 118 120 115 118 116 117 115 116 118 121 108 112 113 116 107 1M

Data provided by The Corps of Engineers. Tdlre  gauges are manually downloaded by Walla Walla Disrrict and forwarded through the Reservair Control
Center. Data from &l other stations arc collected via the GOES saellite network.



Fish Pas,age Center Jue g, 9

Daily Average and Instantaneous High Total Dissolved Gas Saturation @9 at Upper and Middle Columbia Stations

Boundary , Below Wanapum Priest Rapids Below Priest

Waters Grand Coulee  Chief Joseph Wells Rocky Reach  Rock |dands Wanapum (@mi)  (2.4mi) Rapids

Avg High Avg High Avg High  Avg High Avg High Avg High Ave High
0525 112 114 108 09 108 169 1r1 113 108 108 108 w09 11p 113 - = H9 124 116 119
0s/26 113 114 109 109 109 i09 110 I, 108 109 108 109 109 111 e 11401180 112 15

0527 113 14 108 109 |08 109 109 112 108 109 108 109 106 108 122 134 113 124 19 115
osrz8 113 114 108 109 108 109 107 108 107 108 107 108 105 106 120 134 115 127 112 117
0529 113 114 108 110 108 109 107 107 109 ¢ 109 110 107 108 s 130 117 126 110 17
05130 112 114 108 109 107 108 106 107 107 109 107 109 106 107 117 129 116 125 110 1i6
05131 113 114 108 110 108 108 107 108 107 107 107 107 107 110 119 129 19 128 114 118
06/01 112 113 108 109 08 t0® 107 108 107 108 107 108 107  10% 114 128 118 12 112 117

06/02 113 120 108 109 108 109 108 109 108 11t 108 11 104 106 114 125 10 118 108 13
0603 117 122109 10 109 110 110 1M 109 t10 109 10 104 106 109 123 119 126° 110 113
06/04 116 g 109 109 109 109 110 11, 109 169 109 109 105 106 108 111 1g 1 106 108
06/05 119 120 109 10 109 110 108 o9 —— - 105 w7 108 110 108 110 105 106

06/06 118 119 109 i10 109 109 108 109 107 108 !67 I(I}S 105 106 109 111 1o 13 i, 108
06/07 118 119 108 109 108 108 107 108 108 108 108 108 104 105 107 110 108 1 106 107

Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Snake Basin Stations

. _ , Lower Below Ice
Lower Lower Granite Almota Little Littlle Goose  Lower Monumental Below Ice Harbor HoodPak
Dworshak Granite  Tailrace (6mibelow LGR)  _Goose  Tailrace _Monumentd Tailrace _ lceHarbor _Harbor (3.6mi)  (redundant)  Bridge

Date AvgHigh AvgHigh Avg High Avg High AvgHigh Avg High Avg High Avg High Avg High  Avg High Avg High  AveHigh
05/25 120 121 108 112 113 119 119 119 113 114 115 116 115 116 115 18 116 113 119 122 118 122 115 118

05/26 120 120 107 109 12 119 — —1 112 114 15 n6 1717 18 ns 117 @™ 122 120 2 110 16
05/27 115 120 106 107 11119 - ——=110111 114 {16 115 116 116 118 113 115 121 122 (19 119 114 115
05/28 101 103 104 105 109 114 — —110 110 110 112 113 114 M3 15 13 113 1 12 - - 113 113

Y101 102 104 104 109 114 — - -109 110 109 109 mzu3 13 14 112 13 @ 12 — - 112 113

109 115 103 105 109 115 - - —108 109 1086 1209 109 1M 2 15 110 13 120 12 —  —— 112 115
.. 1M 112 102 103 113 114 - - — 109 109 109 109 109 110 11 14 1o 12 ™m 12 — 112 113
06/01 110 111 100 101 _ — — 107 108 — — 107 108 112 114 104 109 1 12 — - 112 113
06/02 112 117 103 106 - - — - 107 108 — — 109 114 —  —106 15 1 13 — - 1215
06/03 117 120 104 108 - — — ~= 107 108 - - 109 110 - —m 12 m 12 — — 113 15
06/04 117 118 102 103 _ — = ~— 106 106 — - 108 109 —  — 109 10 @ 12 — - 112 15
06/05 117 119 104 105 S — — - 106 106  ww - 108 110 — -1 12 ;12 - 1315
06/06 116 117 103 1M - — weee 105107 — - 108 109 - 109 110 120 122 — - Im 113
06107 116 117 101 102 == 105 105 o 106 107 e = 105 108 12 12 oo 1M 13

Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Lower Columbia Stations

MeNary
MeNarv  McNary South MeNary The Dalles Warrendale Camas/ Wauna

North South Gedundany  Tailrace  John Day The Dalles (redundanyy Bonnevilie Wartendale (redundany  Skamania Washougal Kalama — Mill
Date Aavg High Avg High avg High avg High AvgHigh Avg High AvgHigh AvgHigh AvgHigh AvgHigh AvgHigh Avg High Ave High AvgHigh
05/25 117 120117 22 117 123 117 120 109 113 110 112 118 121 14 117 114 117 114 116 116 120 107 110 113 15 108 110
05726 116 117 116 118 116 £18 117 121 108 109 106 108 110 K18 110 115 112 115 112 115 115 120 104 108 112 113 108 100

05/27 110 115 111 116 115 115 115 123 - — 106 108 103 103 106 109 111 113 113 113 113 t17 103 107 110 11 ro7 108
05/28 112 114 112 114 -~ - -112 114 s o= 106 108 ~— -— 106 107 1M1 112 e - 112 113 101 103 109 111 106 107
0529 111 112 111 H2 e — 111 114 = o 06 107 ~-— -- 107 108 111 112 - - - - 112 113 102 103 108 109 105 106
05130 noe 114 M 115 e = I 15 - - o ew e - - --- 108 11 112 113 e --- 114 115 103 106 1Q9 111 104 106
05/31 111 112109 111 e - -111 117 104 104 e o - - - - 110 112 112 {13 mee - 115 117 102 104 110 110 105 107
06701 199 110 109 111 e - - 114 116 103 104 e - e e 108 11 112 113 - - - 113 114 109 15 108 110 103 105
06102 t11 115 M1 114 w=e e meee w105 107 em e e e 108 1100 112 113 e = 113 114 1120 113 110 112 104 105
06/03 113 118 1M 113 ---  +emw — .= 106 06 woea e e=- 109 110 113 114 - - .- 114 115 112 115 1M1 112 |04 105
r 14 116 114 117 - - == = 104 (04 cem  ceme o= -— 108 109 112 113  -— . 114 115 112 114 110 111 103 104

U3 115 114 17 e -o- e e 14 104 e e e — 109 110 13 114 s —- }14 115 112 114 111 112 103 104
. 110 111110 1M1 - - == cewr e (04 104 o= e e - 108 109 113 114 - - - 114 114 112 113 110 111 103 i03
06/07 108 109 108 109 - - o - - == 104 104 wee  wewe == - 106 107 112 113 w— - - 113 114 111 113 109 110 102 103

Dara provided by the Corps of Engineers. Tailrace gauges are manually downloaded by Walla Walta District and forwarded through the Reservoir Control
Center. Data from al other stations are collected via the GOES satellite nerwark.



Il?nsh Passagf Cenier Jung 13 e

Daily Average and Instantanecus High Total Dissolved Gas Saturation (%) at Upper and Middle Columbia Stations

Boundary Below Wanagum Priegr Rapide  Bolow Prou
Waters Grand Coulee  Chief Joseph Wells Bogky Reach  Rock Tsland  Wanapum (4 mi} {2.4 m1) Rapids
Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg Hish Avg  High Avg Hirh

0530 112 114 108 109 167 108 106 107 107  po9 107 109 106 107 17 129 116 125 110 116
05731 113 114 108 110 108 108 107 108 107 107 107 107 107 110 119 129 119 124 114 1R
06/01 112 113 108 109 108 109 107 108 107 108 107 108 107 109 114 128 115 122 112 117
06/02 113 120 108 109 108 109 08 109 108  §11 108 111 104 106 114 125 110 118 08 13
06/03 117 122 109 110 109 110 110 11 109 110 109 110 104 106 109 123 119 126 110 113
06/04 116 119 109 109 108 109 116 111 109 109 109 109 105 106 108 111 110 111 106 108
06/05 119 120 109 1m0 109 110 108 109 — e —_— - 10§ 107 109 110 108 110 105 106
06/06 118 119 109 110 109 109 108 109 107 108 107 108 105 106 109 11 110 113 107 108
06/07 118 119 1N8 I09 108 108 107 108 108 108 108 108 104 105 107 110 108 111 106 107
06/08 118 119 107 109 107 108 107 108 107 108 107 108 103 108 106 107 106 107 104 105
06/09 117 119 107 108 107 108 107 108 108 109 108 109 105 106 107 107 106 108 104 105
06710 115 119 108 109 108 108 108 108 109 109 109 109 106 107 108 111 108 110 106 107
o6/11 117 119 109 109 08 109 108 109 110 31 npo o 108 109 1o 118 1z 119 108 1N
06/12 116 119 109 110 109 109 109 109 1090 10 109 110 108 109 113 131 I3 122 109 113

Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Snake Basin Stations

_ _ Lower Below ce

Lower Lower Granite Almota Lime LigleGogses  Lower Monumenzai Below lce Harbor Hood Park

Dworshak Granita Tailmee (4 mibelow LGR) Goose Tailmee Monumenral — Tajflmece Iee Harbor Harbor (1.6 mi) p-rm:m Bridge

Date AvgHigh AvgHigh Avg High Avg High AvgHigh Avg High Avg High vg High ig Avg High i i
05/30 109 115103 10% 109 115 110 117 108 109 109 109 109 111 [12 115 110 113 120 122 anea wes 112 115
05/31 111 112 102 103 107 114 108 116 109 109 108 109 109 110 111 114 110 112 121 122 e e 112113
06/01 110 111 100 101 108 115 108 116 107 108 107 108 107 108 111 115 104 109 121 122 - e 112 113
0602 112 117 103 106 109 115 109 17 107 108 106 107 109 ti4 111 11§ 106 115 12 123 ewm e 112 |15
f7T 117 120 104 108 109 114 109 115 107 108 — - 109 110 m 14 111 12 121 122 - e 11315
117 118 102 103 108 114 109 116 106 106 we - 108 109 110 114 109 110 121 122 aeew = 112115

117 119 104 105 107 114 108 116 106 106 111 111 108 110 1t 114 1o 112 121 122 - - e 13 15

06/06 116 117 §03 104 109 116 109 116 105 107  :08- 111 108 109 110 113109 110 120 122 e wme 111 113
06/07 116 117 101 102 112 115 116 116 105 106 109 110 106 107 ¢ 113 105 108 Vil 122 vamn s []] 113
T06/08 116 117 100 101 — - —— 104 105 -- == 105 106 — —- 106 108 120 122 e e 112 115
06/09 116 119 100 102 N — ~— 04 105 = 106 106 J— —- 107 108 120 122 e L VA
06/10 115 118 103 107 — m—— - -- 106 M - e 108 113 r— — 109 M 120 121 ——- -~ 114 120
06/11 115 117 105 108 — — J— w111 112 -- -- 109 1 - — 110 112 120 122 v e 114 10
0612 116 118 103 104 e e — 110 110 - .- 108 110 - 108 U1 120 122 119 120 115 117

Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Lower Columbia Stations

McNary
McNary McNary  Soum MeNary The Dalles Camas/ Wauna

North South  (redundepy)  Tailmace John Day The Dalles (redundany Bonneville Warrendale {toundarn)  Skamania Washougal Kalama Mib
Dae Avg High Avg High Avg High Avg High Avg High Avg High AvgHigh AvgHigh AvgHigh AvgHigh AvgHigh Avg High Avg High AvgHigh

0530 110 14 111 11§ eeee == 11 U5 e v e o108 110 112 113 -— - - 114 115 103 106 109 111 104 106
05131 111 112 109 111 - - ‘e 111 17 104 104 e . - - 110 112 112 113 e — [15 117 102 104 110 110 105 107
0601 109 110 109 MI === e 112 116 103 104 -~ __ - - 108 111 112 113 == e 113 114 109 115 108 110 103 105
0602 111 115 111 114 —- = 108 N7 105 107 —= __ . - 108 110 112 113 - - = 113 (14 112 113 110 112 104 105
06/03 113 118 111 113 == e — == 106 106 wwr e—m - - 109 110 113 114 - -- 114 115 112 115 181 112 104 105
06/04 114 116 114 107 - - e 115 115 104 004 - - e o e 108 109 112 13 o= e 114 115 172 114 110 11t 103 104
0605 113 115 124 17 ~me - - 113 105 104 104 eem . = 109 110 113 114 e - 114 115 112 114 111 112 103 104
06106 110 f11 110 1l e —= 112 115 104 §04 --- .. .. .. 108 109 113 I14 - .- 114 114 112 113 110 111 103 103
0607 108 109 108 109 wem e 111 115 104 104 === - . e e 106 107 112 113 - - - 113 114 11§ 113 109 110 [0Z 103
06/08 106 107 107 10 e - 111 14 103 104 16 108 e e 106 108 112 113 --- e 113 114 112 115 109 ! 102 103
06"~ 108 109 109 114 - - e ——m == [04 [04 106 108 = - 108 110 113 114 --- - 114 116 112 116 111 113 103 {04

11 114 112 120 == == o=  ww 104 106 107 109 = e 109 111 114 116 «me e 116 119 114 117 11 113 103 10§
L M2 115 113 118 — - - e wm 104 105 207 108 o e 199 110 114 115 e e 116 116 114 116 112 113 104 105
06112 111 13 13 15 12 W -- - 104 105 105 109 105 106 108 110 113 t14 113 t14 115 116 113 115 112 113 104 105

Data provided by the Corps Of Engineers. Tailrace gauges are manually downloaded by Waliz Waila District and forwarded through the Reservoir Control
Center. Data from all other stations arc eollected viathe GOES satellite network.



Fish Passage Center June 27. 199

Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Upper and Middle Columbia Stations

Boundary Below Wanapum Priest Rapids ~ Below Priest
Waters Grand Couiee Chief Joseph Wells Rocky Reach  Rock lsland Wanapum ( 4 (2.4 mi) Rapids

Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg High

06/13 114 119 110 111 109 110 108 109 108 108 108 108 108 109 113 117 11 116 107 110
06/14 112 113 109 110 108 108 107 108 107 108 107 108 106 107 109 112 114 117 108 110
06/15 112 117 108 110 107 108 107 107 — e e~ - - 104 105 107 107 109 113 105 106
06/16 115 118 107 108 107 108 107 108 108 109 108 109 104 106 - - ——- 106 107 104 105
06/17 112 115 107 108 107 108 107 108 109 112 109 112 105 107 109 110 107 108 105 106
06/18 112 116 107 108 107 108 108 108 109 1 109 11 105 106 108 110 106 108 104 105
06/19 112 116 107 107 107 108 107 108 109 11 109 11 104 106 109 111 107 110 104 106
06/20 113 118 107 108 107 108 107 108 108 110 108 110 106 110 110 1 109 110 106 108

06/21 113 119 107 108 108 108 108 108 11 112 11 112 108 110 - - - - 1 114 108 111
06/22 114 119 107 108 107 108 108 108 110 111 110 11 108 111 112 114 11 113 108 109
06/23 - - - - 107 108 - - - - 108 108 110 110 1.10 110 109 113 113 121 111 114 108 111
06/24 —- —-' 107 107 e~ - - 107 108 110 11 110 11 106 108 110 110 110 113 107 109
06/25 - - - - 108 09 - - - - 108 109 109 112 109 112 107 109 111 112 110 111 107 108
06126 - - - - 107 108 - - - - 107 108 108 108 108 108 105 109 109 111 107 109 105 106

Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Snake Basin Stations

_ Lower Below lce
Lower Lower Granite Almota Liwle Little Goose Lower Monumentat Below Harbor Hoed Park

Dworshak Granite Tailrace _(4 mibelowlLGR) Goose  Taihace Monumental  Tailrace Ice Harbor_Harbor (3.6 mi) {redundane) Bridge
Date AvgHigh AvgHigh Avg High Avg High AvgHigh Avg High Avg High Avg High Avg High  Avg High Avg High  AvgHigh

06/13 116 118104 106 108 112 114 115 107 110 109 110 108 109 110 112 111 111 120 121 118 120 115 115
06/14 116 117 104 105 - - - - - - — -106 106

—- —- 106 107 - - == 108 109 122 124 117 118 111 114

06/15 116 118102 104 - - - - - - --104 105 - - - - 104 106 - - - - 106 108 123 127 116 120 111 120
06/16 116 118 101 103 - - - - - - — -102 103 - - —a 104 104 - - - - 105 107 - - - - 113 122 109 112
116 119102 104 - - - - - - --106 111 ---- - 106 111 - - - - 107 1 - - - - 114 122 110 113

116 118 98 102 - - - - - - --104 111 -+ - - 106 112 - - - -106 107 - - - - 114 120 110 112

Lv...2 116 119 98 100 - - - - - - - -106 112 w-- - - 105 112 - - - -107 116 - - - - 114 121 121 128
06/20 113 116100 100 —_—- - - - - — - 107 111 - - - - 108 111 - - - -108 113 - - - - 118 121 126 127
06/21 111 115 100 102 - - - - - - --105 108 - - - - 105 110 - - 7109 115 e —— e === 121 126
06/22 111 114106 117 - - - - - - —-108 117 - - - - 108 114 - - - -108 112 - - - - 113 114 111 114
06/23 111 114 109 113 - - - - - - --103 114 - - - - 106 110 - - - -105 110 - - - - 11 112 109 112
06/24 111 113 104 106 —— - - - --100 104 - - - - 105 108 - - - -105 109 - - - - 11 113 108 112
06/25 110 113 106 108 - - - - - - — - 104 106 - - - - 105 107 - - - - 105 106 110 114 - - - - 109 112
06/26 110 112 103 105 - - - --101 103 -- -- 102 103 - - - 103 104 108 110 - -- 106 111

Dally Average and Instantaneous.High Total Diilved Gas Saturation (%) at Lower Columbia Stations

McNary
McNary  McNary South  McNary The Dalles Warrendale Camas/ Wauna

North South  (redundany) Tailace John Dav The Dalles (redundany Bonneville Warrendale (redundant) Skamania_Washougal alama  Mill
Date Avg High Avg High Avg High Avg High AvgHigh Avg High  AvgHigh AvgHigh AvgHigh AvgHigh AvgHigh Avg High Avg High AvgHigh
06/13 110 112 110 112 110 111 112 114 104 105 106 109 105 105 106 109 111 113 112 114 113 116 111 113 111 112 103 105

06/14 107 108 108 109 107 108 —-- - - 103 104 105 107 104 104 104 104 110 111 111 112 111 112 108 110 109 110 105 111
06/15 105 106 107 109 106 109 ~-- - - 102 103 105 106 104 104 105 106 111 112 112 113 111 113 108 111 107 108 110 111
06/16 105 107 108 111 107 111 —- - -101 102 104 106 103 104 106 106 112 113 112 113 112 114 110 113 108 110 109 110
06/17 110 115 108 115 107 113 - - - -101 103 105 107 104 104 107 108 112 113 113 113 112 113 110 112 109 110 109 111
06/18 108 111 109 112 108 110 - - - - 100 101 106 107 103 104 107 108 112 113 112 113 113 114 109 112 110 110 109 111
06/19 108 112 110 113 109 112 - - - -101 101 105 110 103 104 107 109 113 114 113 114 114 115 111 114 109 110 110 112
06/20 110 114 108 115 106, 108 -—-- - - - - - - 106 107 104 104 109 110 114 115 114 115 115 117 112 115 110 111 110 111
06/21 110 113 111 117 - - - -- - - - - - - - 106 1208 - -- - 108 110 113 114 - - - - 114 115 112 115 111 113 109 110
06/22 112 114 114 122 112 119 - - - 7 . —. 107 110 104 105 106 112 111 112 112 113 112 113 111 113 112 113 109 111
(4o 109 110 111 115 110 113 - - =+ —- —. 105 110 104 105 104 108 109 110 110 111 111 114 108 110 110 112 109 110

107 111 108 113 108 112 =~ - - - - —- 104 107 103 103 102 106 108 110 110 111 110 111 108 111 109 110 109 109
O 109 112 110 115 109 114 - - - - - - - - 106 109 104 105 102 104 108 109 110 110 110 111 107 110 108 109 108 109
06/26 106 107 106 107 105 106 -- -- -- -- 104 107 102 104 101 104 107 ‘109 109 110 111 114 106 109 107 108 107 108

Data provided by the Corps of Engineers. Tailrace gauges are manually downloaded by Walla Walla District and forwarded through the Reservoir Control
Center. Data from all other stations are collected via the GOES satellite network.



Fizh Passage Center

July 11, 1€
Daily Average and Instantaneous High Tota Dissolved Gas Saturation @9 at Upper and Middle Columbia Stations

Boundary ) Below Wanapum Priest Rapids  Below Priest

\/\aE® GrandCoulee Chief Joeseph Wells Reach  Rock Island ~ Wanapum a) (2.4 Rabs

Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg High Avg High
06/27 —- —. W7 18 - - —- gg¢ 107 10 11 10 1M 14 106 109 111 106 109 104 105
06/28 ~. - - 108 109 - - - - 167 10 . . o~ a. 107 10 12 13 109 112 07 108
0509 - - - - 108 09 109 109 108 109 108 109 108 109 18 109 111 112 1 11 107 108
06/30 - - - - - - - - 109 109 108 10 110 1m 110 m 107 110 112 117 109 112 107 1
07/01 - - - - emr s 109 109- 108 109 110 10 110 10 108 10 114 127 109 m 106 107
o702 —~- = =~ __ 108 109 107 18 109 m 10 m 106 11 18 127 m 118 106 1
0703 ~=- —- —a ... 108 10 107 108 106 108 106 108 104 107 116 123 113 117 108 112
07/04 - - - =. —. 108 109 107 108 106 107 106 107 104 106 19 123 {14 116 108 1l
07105 - - - - =+ —- 103 109 108 108 107 108 107 108 103 105 119 122 112 114 106 110
07706 112 112 107 167 108 109 107 108 107 110 100 110 103 105 119 123 114 117 109 113
ong7 112 113 108 19 108 11 108 109 - - w=a- - - = 105 107 120 123 118 121 112 15

07708 111 113 8 109 109 110 109 w19 1 109 11 107 110 117 121 18 121 i 114
o719 111 112 108 110 109 110 109 1@ 110 111 110 1r 107 108 120 114 116 109 13
07/10 111 112 108 109 108 109 108 109 108 109 108 109 106 108 114 120 m 114 106 109

Daily Average and Instantaneous High Total Dissolved Ges Saturation (%) at Snake Basin Stations

Lower Below Ice

Lower Lower Grapite Almow Limle Linle Gopse  Lower Momumental Below Ice Harbor Hood Park

Dworshak Granite Tailmee (4 mi elow LGR) Gooss Tailracs  Mogumental Tailrace Iee Harbor Harbor (3.6 mi)  (recundant) Bridge
Date AvgHigh AvpHigh Avg High Ave H i g h AveHigh AvgHigh AveHigh_ Avg High Avg High  Avg High Avg High AvgHigh
06/27 110 113 102 105 - - - - - - ---103 111 — — 102 104 - - == 101 102 109 11 - - - - 107
06/28 111 113 103 106 - - - - - - — 109 112 ~e - - 103 107 - - - 104 108 108 112 106 107 107 112
06/29 111 113 101 104 CE— - - — 102 108 - - - - 101 103 - - «—=- 103 105 109 113 105 106 107 113
06/30 111 113 10 102 - - - - - - --- 102 104 —_——- - 12 1 - - - - 104 106 108 1 105 106 108 112
111 113 99 100 —_—— - - - w102 103 —_ - gz 104 —_- = 102 105 109 11 195 106 107 10

110 112 100 101 —_— - - - —-102 102 - -- 102 103 ~s - - 102 105 108 110 104 105 107 110
voow 110 113 102 102 SR — - - - 102 102 ——- - 102 104 . - - 103 105 109 11 100 105 108 112
Qnod 111 113 101 103 —_ - - I — =102 103 —- ==« 103 105 - == 104 107 110 111 104 105 108 113
07/05 109 110 101 102 - - - - —_ —-101 102 - - - - 101 103 - - - -101 108 108 109 104 105 106 108
07/06 104 114 100 103 - - - - - - - =104 103 - - =01 102 - - - - 103 107 107 109 103 104 106 110
07107 106 115 101 104 - - - - - - —-104 108 -« —- 104 110 - - - -107 10 107 109 103 104 107 110
o7/m08 118 121 102 106 S - - e 106 114 e —- 107 110 - - - -108 110 116 392 w07 119 107 1t0
07/09 120 121 101 104 —_— - - - ~ - 104 109 - - —303 107 - - - - 107 110 109 110 108 110 107 109
07710 120 121 100 102 —— - - _ —-j02 103 —- e 102105 - - - -106 108 109 10 108 110 107 109

Daily Average and Instantaneous High Total Dissolved Gas Saturation (%) at Lower Columbia Station

MecNary
McNary MeNav  souh,  MeNary The Datles Warrendale Lamas/ Waung

North South  (fedundant)  Tailrace John Day The Dailes (redunians)” Bomneville Warpspdale (reundan) Skamania Washougal Kalama — Mill
Date Avg High Avg High Avg High Aveg High AvgHigh Avg High AvgHigh AvgHigh AvgHigh AvgHigh AvgHigh Avg High Avg High AvgHigh

06/27 108 113 108 12 w7 110 - - - - - - —- 104 105 102 103 401 101 109 111 108 108 111 i 109 111 107 107 107 108
06/28 108 111 110 116 108 114 -+ - - —« —. 106 111 103 104 104 107 110 112 110 112 111 112 109 113 108 109 106 108
06/29 107 109 111 {13 110 113 - - e - - —. 105 t11 103 104 101 102 110 112 111 112 1l 112 19 112 108 108 105 107
06/30 108 110 110 112 108 112 - - - - - - «- 105 113 102 102 10¢ 104 109 111 P11 1312 111 114 110 112 108 109 106 107
07/01 107 108 108 Itl 107 116 - - - - - - e 103 105 102 102 oc 100 108 109 11l 112 109 113 108 111 108 109 106 107
07/02 105 106 106 108 106 107 - - - - - - - 105 111 10t 101 99 100 109 11t 111 112 109 11 107 109 107 108 105 106
07103 105 107 107 109 106 109 — =« —u - - - - 105 109 100 102 99 100 108 109 11y 112 112 114 108 10 106 107 105 106
07/04 106 108 108 112 107 111 - - - - - - - - 105 110 100 102 99 100 108 109 111 112 112 112 108 109 106 107 104 10S
07/05 104 105 104 106 103 105 —« =+ —- - - 102 104 100 10t 98 99 108 109 111 112 111 112 108 100 106 107 104 106
0706 105 108 106 1M1 105 110 - - - - - - - - 102 109 100 100 100 101 107 109 11F 112 110 113 109 11 106 107 104 106
0" 108 112 110 116 108 122 —~—- - -107 108 103 105 100 101 100 101 107 109 111 112 113 116 110 112 107 108 106 108

110 114 111 118 - - - - —.- -102 106 103 105 103 104 101 102 108 108 111 112 114 115 110 111 107 108 106 107
0. 113 115 115 119 —- —. —- - -101 102 102 104 103 104 10t 101 107 108 131 112 113 114 108 110 107 108 105 107
o110 112 116 113 i16 —- - - - - - - 100 101 101 102 10 104 100 100 307 108 111 112 112 115 103 110 107 108 104 106

Data provided by’ the Corps of Engieers. Tailrace gauges are manually downloaded by Walla Walla District and forwarded through the Reservoir Control
Center. Dama from all other stations are collected via the GOES sateliite petwork.



b ish Prasage Loouer

1994 Total Dissolved Gas Saturation (%) - Forebay Stations (except Warrendale and Skamania)

Average of 12 highest readings, 24 hour Average, and Highest reading of 24 hour period

Lower Granite

I12Zh24 h
Date Ave Aveg Hish Ave Ave Hieh Avg Ave High Ave Avg Hieh Ave Ave High Ave Ave High Ave Ave High

May 15, Iy

McNarv South

Lower
Little Goose Monumental Ice _Harbor MgcNary North  McNarv South (tedundant)
12h24h 12h 24h 12h24h 12h 24 h 12h 24 h 12h24h

05111 103 103 104 106 104 106 113 113 114 112 112 114 119 119 121

118 116 121 = o= —

103 104 105 105 106 112 112 113 112 111 113 117 117 118 119 117 122 == e =

05/12 103
05/13 103 102 103 10.5 104 105 112 111 112 112 112 113 116 115 117 118 115 121 == e o=
05/14 104 104 105 105 105 106 112 112 112 113 110 114 117 116 118 115 114 117 115 114 117
05/15 104 103 104 110 109 111 112 112 113 113 112 113 116 115 117 114 113 114 114 113 114
05/16 103 103 104 109 108 110 113 112 113 112 111 112 114 113 114 115 114 118 115 114 118
05/17 103 102 103 108 107 108 112 111 113 110 1’10 111 113 112 114 113 112 114 113 112 114
05/18 103 102 104 108 107 109 114 113 114 111 111 113 111 110 112, 111 110 112 111 110 112
05119 104 103 104 108 108 109 114 114 115 111 111 Il 110 109 110 110 109 110 110 109 110
0520 103 103 104 107 107 107 114 114 115 111 111 112 110 110 110 109 109 10% 109 109 109
05721 105 104 107 108 107 109 112 112 113 112 109 114 112 111 114 112 111 118 111 110 114
05/22 104 104 105 -1i¢ 109 110 113 112 113 112 112 114 113 112 114 115 112 120 115 112 121
05/23 108§ 105 106 112 110 115 114 114 115 113 113 115 117 115 121 113 111 116 113 112 116
0524 108 107 110 114 113 115 115 114 116 116 115 119 119 117 122 117 114 119 117 114 119
The Dalles Warrendale
Iohn Day The Dalles {redundant) Bonneville Warrendale {redundant) Skamania
12h 24 h 12824 h 12h24n 12h24h 12h 24 h 12h 24 h 12 h24 h
Date Avg Ave High Ave Avg Hiagh Ave Avg Hish Ave Ave Hieh Avg Avg Hieh Avg Avg Hieh Ave Ave High
05/11 113 113 114 113 112 115 er= wow == 112 11 113 117 115 120 === oven ;e v e
05/12 112 112 112 113 108 113 = = e 111 110 112 116 114 119 == — — 120 117 126
05/13 112 111 112 112 110 114 = ;e == 113 112 114 116 115 118 -- == — 119 117 124
05/14 114 113 116 115 113 117 112 111 114 116 114 119 116 115 119 =ee —= -—= 118 117 120
05115 113 113 113 114 113 116 111 107 113 116 115 118 117 116 119 -- == - 120 118 122
05/16 111 111 112 112 112 113 115 112 119 115 115, 116 116 116 117 == — — 119 118 123
05/17 110 110 111 ~= w== = 119 118 120 J14 113 115 116 114 118 -- — -— 118-116 120
05/18 109 109 110 wwww == == 116 116 117 113111 115 115 114 115 e — — . 116 115 120
0519 109 109 110 109 109 110 118 117 118 111 111 111 114 113 116 111 111 112 116 114 119
05/20 108 108 109 109 108 110 118 117 118 110 110 111 113 112 114 - 111 113 116 114 118
05/21 107 107 108 109 107 110 116 116 118 112 111 116 114 113 114 112 112 114 118 116 120
0522 108 107 109 108 106 tl0 117 114 118 114 113 116 115 114 115 114 114 115 119 117 121
05/23 111 110 113 109 108 110 116 115 117 114 113 115 115 114 117 115 114 116 119 117 121
05/24 113 111 115 11 110 113 119 118 120 116 115 118 116 116 117 115 115 116 119 118 121




PO Passage weTier

1994 Tetal Dissolved Gas Saturation (%) - Forebay Stations (except Warrendale and Skamania)

Average of 12 highest readings, 24 hour Average, and Highest reading of 24 hour period

May 3, 1994

Lower MeNarv South

Lower_Granite Little Goose Monumental Ice_Harbor McNary North ~ MeNary South {redundant)

12h 24 h 12h 24 h 12h 24 h 12h24h 12h 24 h 12h 24 h 12 h24 h
Date Ave Avg High Avg Ave High Avg Ave High Avg Avg High Ave Ave High Ave Avg High Avg Ave High
Q5/17 103 102 103 108 107 108 112 111 113 110 110 111 1t3 112 114 113 112 114 113 112 114
05118 103 102 104 108 107 109 114 113 114 111 111 113 111 110 112 111 110 112 111 110 112
05/19 104 103 104 108 108 109 114 114 115 111 111 111 110 109 110 110 109 110 110 109 110
05720 103 103 104 107 107 107 114 114 115 111 111 112 110 110 110 109 109 109 109 109 109
05/21 105 104 107 108 107 109 112 112 113 112 109 114 112 111 114 112 111 118 111 110 114
05/22 104 104 105 110 109 110 113 112 113 112 112 114 113 112 114 115 112 120 115 112 121
05/23 105 105 106 112 110 115 114 114 115 113 113 115 117 115 121 113 111 116 113 112 116
05/24 108 107 110 114 113 115 115 114 116 116 115 119 119 117 122 117 114 119 117 114 119
04/25 109 108 112 117 113 114 116 115 116 117 116 118 118 117 120 119 117 122 120 117 123
0$/26 107 107 109 111 111 112 116 116 117 116 115 117 116 116 117 117 116 118 117 116 118
05/27 106 106 107 110 110 111 115 115 116 114 113 115 114 110 115 115 111 116 115 115 115
05/28 105 104 105 110 110 110 113 113 114 113 113 113 113 112 114 113 112 114 ewen e —_—
05/29 104 104 104 110 109 110 113 112 113 113 112 113 112 111 112 112 111 112 e wrem —
05/3Q0 104 103 19§ 109 108 109 110 109 111 111 110 113 111 110 114 113 111 115 wr e —

The Dalles Warrendale
John Day The Datles redundant Bonneville Warrendale {redundany) Skamania

12h 24h 12h 24 h 12h 24 h 12h 24 h 12h 24 h 12h 24 h 12 h24 h
Date Aveg Avg Hish Avg Ave Hieh Avg Ave High Ave. Avg High Ave Avg High Ave Ave High Ave Ave Hish
05/17 110 110 111 —  eem === 119 118 120 114 113 115 116 114 118 == == — 118 116 120
05/18 109 109 110 =— = - 116 116 117 113 111 115 115 114 115 == e w— 116 115 120
05/19 109 109 110 109 109 110 118 117 118 111 111 111 114 113 116 111 111 112 116 114 119
05/20 108 108 109 109 108 110 118 117 118 110 110 111 113 112 114  --- 111 113 116 114 118
05/21 107 107 108 109 107 110 116 116 118 112 111 116 114 113 114 112 112 114 118 116 120
05122 108 107 109 108 106 110 117 114 118 114 113 116 115 114 115 114 114 115 119 117 121
05/23 111 110 113 109 108 110 116 115 117 114 113 115 115 114 117 115 114 116 119 117 121
05/24 113 111 115 111 110 113 119 118 120 116 115 118 116 116 117 115 115 116 119 118 121
05/25 110 109 113 111 110 112 119 118 121 115, “114 117 115 114 117 115 114 116 118 116 120
05/26 108 108 109 107 106 108 116 110 118 111 110 115 113 112 115 113 112 115 117 115 120
05/27 3 6 30 50 107 106 108 103 103 103 107 106 109 112 111 113 113 113 113 115 113 117
05728 13 7 50 107 106 108 we—  ema e 107 106 107 112 111 112 e s - - 112 112 113
05/29 0 0 0 105 102 107 «— e —= 107 107 108 112 111 112 e =— «— 113 112 113
05/30 0 0 0 100 100 100 -- ——— . 109 108 1I1 113 112 113 — == e 114 114 115




A wyrver)

1994 Total Dissolved Gas Saturation (%) - Forebay Stations (except Warrendale and Skamania)
Average of 12 highest readings, 24 hour Average, and Highest reading of 24 hour period

June 3. 19

Lower McNarv South

Lower Granite Little Goose Monumental Ice_Harbor McNary North  McNary South {redundant)

12h 24 h 12h 24 h 12h 24 h 12h 24 h 12h 24 h 12h 24 h 12 h24 h
Date Aveg Avg High Avg Ave High Ave Avg Hieh Ave Avy Hieh Avg Avg Hieh Ave Ave Hish Aves Ave Hieh
05/20 103 103 104 107 107 107 114 114 115 111 111 112 110 110 110 109 109 0% 0% 109 109
05721 105 104 107 108 107 109 112 112 113 112109 114 112 IIl1 114 112 111 118 111 110 114
05/22 104 104 105 110 109 110 113 112 113 112 112 114 113 112 114 115 112 120 115112 121
05/23 105 105 106 112 110 115 114 114 115 2113 113 115 117 115 121 113 1lil 116 113 112 116
05/24 108 107 110 114 113 115 115 114 116 116 115 119 119 117 122 117 114 119 117 114 119
05/25 109 108 112 117 113 114 116 115 116 117 116 118 118 117 120 119 117 122 120 117 123
05/26 107 107 109 111 111 112 116 116 117 116 115 117 116 116 117 117 116 118 117 1!l& 118
05/27 106 106 107 110 110 111 115 115 116 114 113 115 114 110 115 115 111 116 115 115 115
05/28 105 104 105 110 110 110 113 113 114 113 113 113 113 112 114 113 112 114 wee= e —
05/29 104 104 104 110 109 110 113 112 113 113 112 113 112 111 112 112 111 112 - - - eeme e
05130 104 103 105 109 108 109 110 109 1117 111 110 113 111 110 114 1213 111 115 - - m———
05/31 102 102 103 109 109 109 109 109 110 111 110 112 112 111 112 1I0 109 111 sewn e - -
06401 101 100 101 107 107 108 108 107 108 109 104 109 110 109 110 110 109 111 mm  emm —
06/02 104 103 106 107 107 108 110 109 114 112 106 115 113 111 115 112 111 114 --- --  ---

The Dalles Warrendale
John Day The Pailes (redunndant) Bonneville Warrendale (redundant) Skamania

12h 24 h 12h24 h 12h 24 h 12h24h IZh 24 h 1Zh 24 h 12 h24 h
Date Avg Avp High Avg Aveg High Avg Ave Hieh Avg Avg Hieh Ave Avg High Ave Ave High Avg Ave High
05120 108 108 109 109 108 110 118 117 118 110 110 111 113 112 114 -- 111 113 116 114 118
05421 107 107 108 109 107 110 116 116 118 112 111 116 114 113 114 112 112 114 118 116 120
{(5/22 108 107 109 108 06 110 117 114 118 114 113 116 115 114 115 114 114 115 119 117 121
05/23 111 110 113 109 108 110 116 115 117 114 113 115 115 114 117 115 114 116 119 117 121
05/24 113 111 115 111 11§ 113 119 118 120 116 115 118 116 116 117 115 115 116 119 118 121
05/25 110 109 113 111110 112 119 118 121 115 114 117 115 114 117 115114 116 118 116 120
05/26 108 108 109 107 106 108 116 110 118 111 1106 115 113 112 115 113 112 115 117 115 120
05/27 **% % **% 107 106 108 103 103 103 107 -i06 109 112 111 113 113 113 113 115 113 117
05/28 *wx #*x  x*xx 107 106 108 --- e .= 107’ 06 107 12 111 112 = eem  --- 112 112 113
05/29 x*x xax  ¥»xx 105 102 107 - - — = 107 107 108 112 111 112 --—-- - - - 113 112 113
Q5/30 *** j j * ** 100 (000 1200 - - =-- - 109 108 111 113 112 113 swe ==we == 114 114 115
05/31\3\‘,":____'*** Tk " 99 100 =~~~ == - - 111 110 112 113 112 113 --- - - 115 115 117
06/01 103 103 104 100 100 100 - - -~ -—- 109 108 111 113 112 113 -- e - - 114 113 114
06102 106 I05 107 100 100 100 --— --- - 109 108 110 112 112 113 -- w—  --- 113 113 114

g

Erroneous data (< 100%) have been replaced with asterisks.



Fish Passage Center

1994 Total Dissolved Gas Saturation (%) - Forebay Stations (except Warrendale and Skamania)

Average of 12 highest readings, 24 hour Average, and Highest reading of 24 hour period

June 13, 1983

Lower McNary South

Lower_Granite Little Goose Monumental Ice Harbor  McNary North  McNary Souath (redundant)

12h24h 12h 24 h 12k 24 h 12h24h 12h 24 h 12h 24 h 12h 24 h
Date Ave Ave High Ave Ave High Avg Ave Hieh Avg Ave Hieh Ave Ave High Ave Ave Hieh Ave Ave Hieh
05/30 104 103 105 109 108 109 110 109 111 111 110 113 111 110 114 113 111 115 ---  eem ---
05/31 102 102 103 109 109 109 109 109 110 111 110 112 112 111 112 110 109 111 e eeen - -
06101 101 100 101 107 107 108 108 107 108 109 104 109 110 109 110 110 109 111 wewe w—- ---
06/02 104 103 106 107 107 108 110 109 114 112 106 115 113 111 115 112 111 1M - - e -
06/03 105 104 108 107 107 108 110 109 110 111 111 112 116 113 118 112 111 113 - - e me—n
06104 103 102 103 106 106 106 108 108 109 110 109 110 115 114 116 116 114 117 - - eem= - -
06105 104 104 105 106 106 106 108 108 110 111 110 112 114 113 115 115 114 117 -—- --- - -
06/06 103 103 104 106 105 107 108 108 109 109 109 110 110 110 111 110 110 111 - -  weee - -
06/07 102 101 102 106 105 106 106 106 107 107 105 108 108 108 109 108 108 109 - ~—- - -
06/08 101 100 101 105 104 105 105 105 106 107 106 108 106 106 107 108 107 110 - - ~--- ---
06109 100 100 102 104 104 105 106 106 106 107 107 108 108 108 109 113 109 114 —- - - - -
06/10 104 103 107 108 106 111 109 108 113 109 109 111 112 111 114 116 112 120 - - = —
06/11 106 105 108 111 111 112 110 109 111 111 110 112 113 112 115 116 113 118 --- - - - -
06/12 103 103 104 110 110 110 109 108 110 110 108 111 112 111 113 114 113 115 113 112 114
Thbe Dalles Warrendale

John Day The Dalles (redundant) Bonneville Warrendale (redundant) Skamania

12h 24 h 12h 24 h 12h24h 12h 24k 12 h 24 h 12h24h 12 h24 h

Date Ave Avg Hieh Avg Av i Ave Ay ve_Av i Avg_Avg High_Avg Av i Avg Ave Hi
05,330 -- wres  rems  memv  swwe v ewsa  aeee - - 109 108 111 113 112 113 --- - - - 114 114 115
05731 104 104 104 -~ = - - me e = 111 110 112 113 112 113 --- we= - - 115 115 117
06/01 103 103 104 = = - - e -- -— 109 108 111 113 112 113 - - - == 114 113 114
06102 106 105 107 arer  wveew  eewm oo - -- 109 108 110 112 112 113 e— @ we— -~ 113 113 114
06103 106 106 106 - —_— - - - -- e 109 109 110 113 113 114 --- === - - 115 114 115
(06/04 104 104 104 -- e - - -— 109 108 109 113 112 1!3 - - - — 114 114 115
0605 104 104 104 ~— - e emme == e 109 109 " [10 113 113 114 - - --- - - 115 114 115
06/06 104 104 104 -- w— - = i e = 108 108 109 113 113 114 ee e —— 114 114 114
06107 104 104 104 -- - e emem eme= w107 106 107 112 112 113 e e=—= == 114 113 114
06108 104 103 104 106 106 108 weew == - 107 106 108 112 112 113 === wm= - - 113 113 114
06/09 104 104 104 107 106 108 ~—= - ~-= 109 108 110 114 113 114 e - - --- 115 114 116
06/10 105 104 106 108 107 109 === - = 110 109 111 115 114 116 === - e 117 116 119
06/11 104 104 105 107 107 108 == == == 110 109 110 114 114 115 e ~==e == 116 116 116
06/12 104 104 105 107 105 109 106 105 106 109 108 110 114 113 114 114 113 114 115 115 116




Fish Parsage Comer June 27, 199

1994 Total Dissolved Gas Saturation (%) - Forebay Stations (except Warrendale and Skamania)
Average of 12 highest readings, 24 hour Average, and Highest reading of 24 hour period

_ Lower McNary South
Lower Granite Little Goose Monumental lce Harbor McNary North McNary South (redundant))
12h24h 12h 24 h 12h 24 h 12h 241 12h 24 h 12h 24 h 12h24 h

Date Avg Avg High Ave Avg High Ave Avg High Ave Ave Hich Ave Avg Hish Ave Ave High Avg Avg High

06/13 105 104 106 109 107 110 109 108 109 111 111 111 111 110 112 111 110 112 111 110 111
06/14 104 104 105 106 106 106 106 106 107 108 108 109 107 107 108 108 108 109 108 107 108
06/15 103 102 104 105 104 105 105 104 106 106 106 108 106 105 106 108 107 109 107 106 109
06116 102 101 103 103 102 103 104 104 104 106 105 107 106 105 107 109 108 111 109 107 111
06/17 102 102 104 109 106 111 107 106 111 108 107 1I1' 112 110 115 111 108 115 109 107 113
06/1& 99 98 102 105 104 111 106 106 112 106 106 107 109 108 111 110 109 112 109 108 110
06/19 99 98 100 108 106 112 106 105 112 109 107 116 110 108 112 111 110 113 110 109 112
06/20 100 100 100 109 107 111 109 108 111 111 108 113 112 110 114 110 108 115 106 106 108
06/21 101 100 102 106 105 108 106 105 110 111 109 115 111 110 113 I15 111 117 - - =— cem =~
06/22 111 106 117 111 108 117 110 108 114 109 108 112 113 112 114 118 114 121 116 112 119
06/23 111 109 113 106 103 114 108 106 110 107 105 110 110 109 110 112 111 115 111 110 113
06/24 105 104 106 102 100 104 106 105 108 106 105 109 109 107 111 111 108 ‘113 110 108 112
06/25 107 106 108 105 104 106 106 105 107 105 105 106 110 109 112 113 110 115 111 109 114
06/26 104 103 105 102 101 103 102 102 103 103 103 104 106 106 107 107 106 107 105 105 106

The Dalles Warrendale
John Day The Dalles (redundant) Bonneville Warrendale (redundant) Skamania
12h 24 h 12h 24 h 12h 24 h 12h 24 h 12h 24 h 12h 24 h 12h24 h

Date Avg Avg High Avg Avg High_Avg_ Ave High Ave Avg High Avg Avg High Avg Ave High Ave Avg High

06/13 105 104 105 107 106 109 105 105 105107 106 109 112 111 113 113 112 114 114 113 116
06/14 103 103 104 105 105 107 104 104 104 104 104 104 111 110 111 111 111 112 111 111 112
06/15 103 102 103 105 105 106 104 104 104 106 105 106 112 111 112 112 112 113 112 111 113
06/16 101 101 102 105 104 106 104 103 104 106 106 106 112 112 113 113 112 113 113 112 114
06/17 102 101 103 106 105 107 104 104 104 108 107 108 112 112 113 113 113 113 113 112 113
06/18 101 100 101 106 106 107 104 103 104108 107 108 112 112 113 113 112 113 113 113 114
06/19 100 101 101 106 105 110 103 103 104 108 107 109 113 113 114 114 113 114 114 114 115

06/20 -~ » . — - 106 106 107 104 104 104 11¢ 109 110 114 114 115 114 114 115 116 115 117
06/21 — - ~~- — - 106 106 108 =— - =—- —-109 108 110 113 113 114 === - - ==« 114 114 115
06/22 —~ ~+ e=-- — - 108 107 110 105 104 105107 106 112 112 111 112 112 112 113 113 112 113
06/23 -~ =+ o~ . — . 107 105 110 104 104 105106 104 108 110 109 110 111 110 111 112111 114
06/24 —~— - e . — - 105 104 107 103 103 103,104 102 106 109 108 110 110 110 111 110 110 111
06/25 -- » = - — - 107 106 109 104 104 105103 102 104 109 108 109 110 110 110 110 110 111

06/26 «=- - 105 104 107 103 102 104101 101 104 108 107 109 109 109 110 112111 114




Fual Passage Center June 16, 19

Tailwater Instantaneous Total Dissolved Gas Saturation
from manually deployed probes
Data collected by the Corps of Engineers
Beiow Bonneville Dam
Below John Day Dam Below The Dalles Dam (Hamilton)

Date Maximum Minimum Maximum Minimum Maximum Minimum
05/16/94 112% 110% — — — ree
05/17/94 - — 116% 110% | —
05/18/94 110% 108% 113% 109% — — |
05/19/94 115% 110% ] 115% 114% | — | —

| osmoea | 4% | 1% | 114% | 112% L - —
05/21/94 107% 105% 116% 112% — s
05/22/94 108% 105% —_ — — ——
05/23/94 — — — — — —
05/24/94 _— —_— — — —_ —_
05/25/54 e — —_— — — —
05/26/94 — —_ - — — —
05/27/94 110% 107% 114% 113% -—— —_—
05/28/94 2% 108% 116% 113% — —
05/29/94 113% 108% 115% 114% —_ —_
05/30/94 115% 110% 114% 113% — -
05/31/94 122% 107% 115% 114% — —
06/01/94 110% 106% —_ — 111% 111%
06/02/94 113% 105% — _ 111% 111%
06/03/94 — — — — 112% 111%
06/04/94 118% 107% 114% 113% - —
06/05/94 — — —_— - 111% 110%
06/06/94 123% 107% 114% 113% 113% 111%
06/07/94 114% 106% 115% 112% 112% 109%
06/08/94 114% 106% 113% 113% — —




SR YR e )

Tailwater Instantaneous Total Dissolved Gas Saturation
from manually deployed probes

Data coliected

by the Corps of Engineers

Below Bonneville Dam

Below John Day Dam Below The Dalles Dam (Hamilon)

Date Maximum Minimum Maximum Minimum Maximum Minimum
05/18/94 110% 108% 113% 109% — - -
05/19/94 115% 110% 115% 114% o - -
05/20/94 114% 113% 114% 112% — - -
05/21/94 107% 105% 116% 112% ——— ——
05/22194 108% 105% - —— —— - -
05123194 ——— — — e —— —
05/24/94 — —_— —_ - - —
05/25/94 —— —_ — - — -—
05/26/94 — — - — e —
05/27/94 110% 107% 114% 113% e —
05/28/94 112% 108% 116% 113% 110% 107%
05/25/94 113% 108% 115% 114% 113% 109%
05/30/94 115% 110% 114% 113% 114% 110%
05/31/94 122% 107% 115% 114% 111% 111%
06/01/94 110% 106% - - 111% 111%
06/02/94 113% 105% ‘ 111% 111%

06/03/94 o ——— — — 112% 111%
06/04/94 118% 107% 114% 113% - T
06/05/94 e -— e 111% 110%
” 06/06/94 -123% 107% 114% 113% 113% m[ 11%
06/07/94 114% 106% 115% 112% 112% 109%
06/08/94 114% 106% 113% 113% — ———
06/09/94 115% 106% 112% 106% === -
06/10/94 121% 106% 115% 112% - e

June §2, 1994



Fah Passage Center

Tailwater Instantaneous Total Dissolved Gas Saturation
from manually deployed probes

Data collected by the Corns of Engineers

Below Bonneville Dam

Below John Day Dam Below The Dalles Dam (Hamilton)
Date, Maximum Minimurm Maximum Minimum Maximum Minimum
06/05/94 — o — — 111% 110%
06/06/54 123 % 107% 114% 113% 113% 111%
06/07/94 114% 106% 115% 112% 112% 109%
06/08/94 114% 106% 113% 113% —— —_—
06/09/94 115% 106% 112% 106% —
06/10/94 121% 106% 115% 112% 121% 120%
06/11/94 114% 105% 114% 113% 114% 114%
06/12/94 115% 106% 114% 112% 113% 112%
06/13/94 108% 108% 115% 112% — —
06/14/94 112% 106% 111% 111% — —
06/15/94 107% 105% 112% 111% _— —
06/16/%4 125% 105% 113% 111% — _—
06/17/94 121% 105% 114% 110% — —
06/18/94 117% 109% 107% 106% 109% 109%
06/19/54 125% 111% 110% 110% 111% 109%
06/20/94 — — — —_ — —_
06/21/94 —— e — - 111% 110%
06/22/94 — — — — 109% 108%
06/23/94 —_ — — —_— —_ —
06/24/94 — —_— —_— — — —
06/25/94 _— w—— —_ 106% 105%
06/26/94 — — — —_— — —_
06/27/94 — — — — 109% 109%
06/28/94 — — e — 107% 106%

July 1, 1994



Fish Passage Center

Tailwater Instantaneous Total Dissolved Gas Saturation
from mapually deployed probes

Data collected by the Corps of Engineers

Below Bonneville Dam

Below John Day Dam Below The Datles Dam (Hamilton)

Date Maximum Minimum Maximum Minimumn Maximum Minimum
06/27/94 — — -— — 109% 109%
06/28/94 — — —— ——— 107% 106%
06/29/54 — — — — — —
06/30/94 —— —— —_ —_ — e
07/01/94 — — —_— - — S
07/02/94 — - — ———e — —
07/03/94 -— s —_— -— —_ —
07/04/94 115% 102% e -— — —
07/05/94 e —_ e — 117% 116%
07/06/94 125% 102% — -—_ - 105% 103%
07/07/94 114% 101% o -—_ —_ ———
07/08/94 —_ - —_ — —_ —_
07/09/94 — —_ — ——— — —_
07/10/94 — — — — —_— —
07/11/54 — — e —_ — —
07/12/94 — —_ — i e —_—
07/13/94 -— - o —— 105% 103%
07/14/94 122% 104% — — 103% 103%
07/15/94 111% 104% ——n —_ 103% 103%
07/16/94 — - —— e 103% 102%
07/17/94 — N e —_— 103% 102%
07/18/94 115% 105% — e 103% 102%
07/19/94 —— e —— —_— 105% 104 %
07/20/94 126% 104% — e 104% 103%

July 22, I'








